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APPENDIX A

DATA ANALYSIS
METHODOLOGY AND RESULTS

This Appendix provides a description of the screening procedures used to select chemicals of
potential concern (COPC) for the human health and ecological risk assessments. For the human
health risk assessment, a toxicity screen was followed by a background comparison to select
COPCs. For the ecological risk assessment, only a background comparison wasconducted... The
following sections provide details of the screening procedures.

A toxicity-based screen was applied based primarily on EPA Region III Guidance for Selecting
Contaminants of Concern (EPA Region III 1993 a). Using this guidance, Screening Risk Based
Concentrations (SRBCs) were compiled for both residential and industrial land use which
correspond to a hazard quotient of 0.1 or a lifetime cancer risk of IxlO*6. The SRBCs used in the
assessment were obtained from the most recent EPA Region HI Chemical of Concern Screening
Table (EPA 1994a), and Risk-Based Concentration Table (EPA 1995). Both tables were
consulted to ensure the most recent toxicity criteria and exposure guidance (i.e., for industrial
land use) were used in developing the SRBCs. Using this guidance, chemicals whose maximum
detected concentration exceeds the SRBCs were selected for further evaluation. A flow chart
outlining this analysis is depicted in Figure A-l.

For the toxicity screen, the data were first separated into the six areas defined for the Site (i.e.,
North Tail, North Yard, Central Operations, South Yard/South Tail, Slaters Lane, and Potomac
Greens). Because the exposure pathways to be evaluated in the risk assessment involved
potential contact with either or both the subsurface (3 to 8 feet) and surface (0 to 3 feet) soils, the
toxicity screen was based on the maximum detected concentration found from 0 to 8 feet below
ground surface. Before the toxicity screen was applied, an analysis was conducted for each area
on the frequency of detection for the chemicals identified in that area. Those chemicals which
had no positive detections across the 6 to 8 foot interval were deleted from further evaluation for
that area.

In performing the toxicity screening, interim and future land-use was considered The Central
Operations Area, as defined in this evaluation, is the hub for the Metrorail development. The
primary route for potential exposures in this area will be through construction activities, with
substantially less potential for residential exposures after development. Therefore, the SRBCs
developed for commercial/industrial land-use were used to screen chemicals in this area. In
contrast, the development plans for the remaining areas have a land-use component that leads t6
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a high probability of a residential exposure, so the more conservative residential SRBCs were -s.
applied in screening chemicals for these areas.

While the SRBCs served as the primary basis for the toxicity screening, some chemicals detected
at the Site lacked SRBCs due to an absence of toxicity criteria (e.g., substituted alkanes, cyclo
alkanes, aromatic and polycyclic compounds). Therefore, chemical surrogates were selected

, based on a similarity in chemical structure and potential toxicity. In the event that several
chemicals with SRBCs could serve as surrogates, the chemical with the greatest toxicity and,
hence, lowest SRBC was conservatively used in the screening process. Footnotes are provided in
Tables A-l through A-6 that identify the surrogates that were applied* The toxicity screening
value used for lead was the preliminary remediation goal of 400 mg/kg reported in the EPA soil

* screening guidance (EPA 1994b). For the screening of PCB 1260, a 1 mg/kg value was used in
accordance with EPA guidance for remediation of Superfund sites with PCB contamination
(EPA 1990). The 1 mg/kg value is an action level for identifying concentrations in residential
soil that may require some type of remedial actions to reduce human health risks. Wastes within
these action areas that comprise the principal threat at a site are considered to include, soil ,
contaminated at 2 to 3 orders of magnitude above the action level (i.e., 10 to 100 mg/kg). The
process outlining key steps in identifying areas that may require development of remedial
alternatives for PCB contamination is shown in Figure A-5. Five inorganic chemicals detected at.
the Site (calcium, iron, magnesium, potassium, and sodium) are considered essential nutrients
and, therefore, in accordance with EPA Region III guidance, were eliminated as chemicals of
potential concern (EPA 1993a). Four organic chemicals (octamethylcyclotetrasiloxane,
hexamethyIcyclotrisiloxane, trimethylsilanol, and cyclotetrasiloxane) were identified as . ^ j
laboratory contaminants. These compounds were detected infrequently and were not considered
site-related. Therefore they were not considered for evaluation as COPCs.

The human health'risk' assessment required that carcinogenic polycyclic aromatic hydrocarbons •
(PAHs) be converted into B(a)P Equivalents. The B(a)P Equivalents are composed of the
carcinogenic PAHs listed in the EPA Region in RBC table, including, benzo(a)anthracene,
benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene, carbazole, chrysene,
dibenzo(a,h)anthracene, andindeno(1̂ 3-cd)pyrene. In developing the B(a)P Equivalents, the
concentrations for individual PAHs were first multiplied by their corresponding toxicity
equivalency factor TEF to convert them to B(a)P Equivalent concentrations. TEFs were obtained
from IRIS and from interim USEPA guidance on estimating risks from exposure to PAHs (EPA
1993b). An overall B(a)P equivalent concentration for the sample was then calculated by
summing each individual value for a particular sample location. The maximum B(a)P
Equivalent for each site area was compared to the SRBC for B(a)P. These comparisons are
presented in Tables A-l through. A-6. ,

Tables A-l through A-6 present the relevant data for the toxicity screening (i.e., RBC, SRBC,
maximum concentration, and result of comparison)* For chemicals detected in excess of the
toxicity screening value, a "+" or"*** is present to the left of the chemical name. Those
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chemicals with a "+" were then compared to background concentrations as described below.
Chemicals with a ***** were selected as COPCs without background comparison.

COMPARISON OF BACKGROUND AND SITE-RELATED CONCENTRATIONS

According to EPA guidance, data collected at a site may be compared to local background data
(EPA 1989, EPA 1993a). The purpose of the comparison is to determine if a chemical is
primarily site-related or is present at levels similar to the background for a given area. The
background analysis is accomplished by comparing simple descriptive statistics followed by
hypothesis testing. Relevant chemicals included in the background screen are inorganic
chemicals and PAHs (expressed as 9(a)P equivalents) for the human health risk assessment, and
inorganic chemicals and individual PAHs for the ecological assessment (EPA 1993 a, Federal
Facilities Risk Assessment Meeting 1994). Chemical concentrations'in the various areas of .the
Potornac Yard Site (i.e., North Yards, Slaters Lane, Central Operations, North Tail, South
Yard/South Tail, and Potomac Greens) were compared to the background data. The analysis
focused on the 0 to 3-foot, 3 to 8-foot, and 0 to 8-foot soil depth intervals. The background
analysis for the human health analysis was carried out for all three strata in all six site areas, with
the exception of the 3 to 8-foot interval in the Central Operations Area. The 0 to 3-foot stratum
in the Potomac Greens Area and in the South Yard/South tail Area was analyzed for the
ecological risk assessment. Fewer chemicals were analyzed for the human health risk assessment
for the Potomac Greens and South Yard/South Tail Areas than were analyzed for the ecological
risk assessment because of the elimination of chemicals of concern by the toxicity screen for
human health. Tables A-7 through A-12 present the results of the statistical analysis and Table
A-l 3 presents a summary of the background soil analytical data.

The background statistical analysis followed a formal protocol that was developed prior to
performing the analysis. The procedures employed in the analysis are flow charted in Figure A-l
and outlined in the sections below. The protocol was developed in accordance with EPA
recommendations and adhered to simple statistical procedures outlined in several statistical
sources (Hays 1988, Zar 1974). The software package Statistica* was used to perform the
procedures that follow.•• • ' - - • . - • • ' ' • * -

• • . ' . . • •
Test for Normality

The shape of the underlying probability distribution of the data was determined before both the
comparison of the background and site mean, and hypothesis testing were undertaken. The site
data and the background data were tested for normality. Several statistical and graphical
methods were employed to determine the distribution type. Both the untransformed and natural
log transformed data were tested.1 The skewness coefficient was calculated for both the

1 The chemical concentrations in the Site and background data sets were log transformed by calculating
the natural log of the chemical concentrations.
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untransformed and log transformed data for the site and background data.2 The skewness values
of the natural log transformed data and die untransformed data were compared. The value of the
skewness coefficient that was closest to zero indicated the distribution type (EPA 1992). The
background data, via this method, were determined to be log-normally distributed. This was also
true of a majority of the site data. In cases where the distribution type of the background data
differed from the site data, both data sets were determined to be log-normally distributed. This
decision was based on the observation that chemicals of concern in soil are usually log-normally
distributed. Table A-14 presents an example of the skewness coefficients calculated using
Statistica*. . ^ .
__ ' ' " • * - 'The second method used to test the normality of the distribution involved constructing a normal
probability plot The normal probability plots were generated on both the untransformed and log
transformed data. • These plots visually represent the distribution of the data along a diagonal
line. The distribution type can be interpreted from the plots by determining the plot that has the
best fit of the sample points to the diagonal line (EPA 1992). Figure A-2 represents a sample of
a normal probability plot for both the untransformed and log transformed data. The normal
probability plots were used to confirm the distribution types of data sets where the skewness
coefficients of both data sets were similar or equal.

Comparison of Mean Data

This step in the data analysis involved a comparison of on-site and background analytical results
to eliminate chemicals that were present at concentrations less than background. The site and
background mean data were compared and the site chemicals that were numerically less than
background, were eliminated from further analysis. The steps of this analysis are depicted in
Figure A-l. t •

Hypothesis Testing

The hypothesis testing involved performing several statistical analyses, as necessary, to compare
the site data with the background data. Several parametric and nonparametric statistical tests
were utilized, including, an F-test, t-testi Mann-Whitney U test, and in some cases either a
Wilcoxon Rank Sum (WRS) test or a Quantile test. Figure A-l illustrates the flow of the
hypothesis testing analysis. A one-tailed hypothesis test was applied in order to determine if site
concentrations exceeded background concentrations. The p-level associated with each test was
compared to the selected alpha level of the test to determine statistical significance.

2 The skewness coefficient is a numerical value representing the symmetry and type of a distribution.
, . v < ! , - . . . . . . . . .
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F-Test . v

The first step in the hypothesis testing analysis was to test for homogeneity of variance among
the site and background data. An F-test was used to perform the analysis of variability. The F-
test was conducted at a significance level of 95 percent (i.e., an alpha level of 0.05). If the F-test

^ indicated that the variances among the two groups were equivalent, then parametric statistics
were utilized. If the F-test indicated that the variances were not equal, then nonparametric
statistics were utilized. The resultant p-level associated with each F-test was compared to the
alpha level at which the test was conducted. In cases where the p-level was greater than or equal
to the alpha level, the test indicated that the variances were equivalent, otherwise, the variances
were not equivalent Tables A-15 and A-16 present a sample F-test output for both test output
cases. ^

t-Test (Parametric Statistic)
• ':' ' - • ' , " • ' . ,

Parametric hypothesis testing was done using a pooled t-test. The pooled t-test was used to
determine whether the mean of the site data was significantly higher than the mean of the
background data. A one-tailed test was used to test the data and was conducted at an alpha level
of 0.05. The resultant p-level associated with the t-test was compared to the alpha level at which
the test was conducted. In cases where the p-level was greater than or equal to the alpha level,
the test indicated that the site and background means were equivalent, otherwise, the site mean
was considered to be greater than background. The means also were compared graphically using

v j "box and whisker*1 plots to provide an additional evaluation of these data. Table A-17
summarizes the t-test output for a one-tailed t-test and Figure A-3 presents a sample graph of the
one-tailed mean comparison.

Mann-Whitney U Test (Nonparametric Statistic)

Nonparametric hypothesis testing was done using a Mann-Whitney U test. The Mann-Whitney
U test was used to determine if the mean of the site data was significantly higher than the
background mean. A one-tailed test was used to compare the median values of the two data sets.
The one-tailed Mann-Whitney U test was conducted at an alpha level of 0.05. The resultant p-
level associated with each Mann-Whitney U test was compared to the alpha level at which the
test was conducted. In cases where the p-level was greater than or equal to the alpha level the
test indicated that the site and background medians were equivalent, otherwise, the site median
was considered to be greater than background. The medians were also compared graphically
using "box and whisker" plots to provide an additional evaluation of these data. Table A-l 8
summarizes the Mann-Whitney U test output for a one-tailed test and Figure A-4 presents a
sample graph of the one-tailed median comparison.



Additional Hypothesis Testing

Additional hypothesis testing was undertaken for cases in which the results oft-test or Mann-
Whitney U test as compared to the box and whisker plots appeared to be inconclusive. This
additional testing was conservatively applied for cases in which the hypothesis testing indicated
that the site concentrations were not significantly different from background, but the "box and
whisker plot" was less clear in supporting this conclusion. The draft ASTM guidance, "ASTM
Guide to the Comparison of Waste Site and Background Soil Data" (ASTM 1995), was utilized
in resolving these differences. This guidance recommended a two-stage approach using the
WRS and the Quantile test. The WRS and Quantile procedures assessed whether on-site
concentrations were significantly different from background levels. For cases in which the WRS
test could not be applied due to a large sample size, the Quantile test was used. The results of the
testing either supported the results of the t-test or Mann-Whitney U test, or indicated that the
chemical under investigation was elevated on-site as compared to background. In cases where
the additional testing did not support the conclusion of the t-test or Mann-Whitney U test, the
chemical was selected as a chemical of potential concern and was carried through the risk
assessment.

REFERENCES

ASTM. 1995. ASTM Guide to the Comparison of Waste Site and Background Soil Data -
Draft. Philadelphia, PA: ASTM Committee E47.13.

' • ' . ' ' • ' ' • " - ' ' ' ' " ' ' - " " : '
Environmental Protection Agency (EPA). 1989. Risk Assessment Guidance for Superfund.
Volume I: Human Healti) Evaluation Manual. Interim Final. Washington, DC: Office of
Emergency and Remedial Response. September. OSWER Directive 9285.7-01 a.

Environmental Protection Agency (EPA). 1990. Guidance on Remedial Actions for Superfiind
Sites with PCB Contamination. Washington, DC: Office of Emergency and Remedial
Response. EPA 540/G-90/007.

Environmental Protection Agency (EPA). 1992. Statistical Analysis of Ground-Water
Monitoring Data at RCRA Facilities. Addendum to Interim Final Guidance. Office of Soil
Waste. Permits and State Programs Division. June 1992. , ; - ' - - . •

Environmental Protection Agency (EPA). 1993a. Selecting Exposure Routes and
Contaminants of Concern fey Risk-Based Screening. Philadelphia, PA: EPA Region HI,
Hazardous Waste Management Division. EPA/903/R-93-001.

Environmental Protection Agency (EPA). 1993b. Interim Policy on Estimating Risk from
Exposures to Polycyclic Aromatic Hydrocarbons at Superfund Sites. Draft Memo from Henry
L. Longest n, November 1993.

AR105280



Environmental Protection Agency (EPA). 1994a. EPA Region JIT CQC Screening Table:
R T . Smith fMarch 18. 1QQd> Philadelphia, PA: EPA Region m.

Environmental Protection Agency (EPA). 1994b. Soil Screening Guidance. Office of Solid
Waste and Emergency Response. EPA/540/R-94/101.

Environmental Protection Agency (EPA). 1995. Risk-Based Concentration Table. January-
IUBSJ225. Philadelphia, PA: EPA Region m. 9355.4-1.

Federal Facilities Risk Assessment Meeting-EPA Region III. June 22,1994. Philadelphia, PA.

Hays, W.L. 1988. Statistics. Chicago: Holt, Rinehart and Winston, Inc.

Zar,J.H. 1974. Biostatistical Analysis. New Jersey: Prentice-Hall, Inc.

A-7



FIGUREA-1
PROCEDURE FOR BACKGROUND COMPARISON
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Figure A-2
Example of Normal Probability Plots
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Figure A-3
Example of One*tailed t-test Box and Whisker Plot
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Figure A-4
Example of One-tailed Mann-Whitney U Test Box and Whisker Plot
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assuming unlimited exposure?

f~\ Action Area

What are principal threats to be treated?
(PCBs at 500 ppm or greater* or more than 2 orders of magnitude above the action level.)

Treat principal threats at least to levels that are to be contained (90% reduction)
^̂ m̂ &ff&ff̂

Exceptions:
Large municipal landfills
Inaccessible: contamination

Exceptions:
Small volumes
Sensitive exposures

How should material remaining at the site be contained?

Contain residues and
remaining material
(See Table 3)

Treat to levels requiring fewer $| Treat to levels for Which no
long-term management controls • M tonĝ erm management controls |

(including access restrictions) are ||
*

FIGURE A-5 - KEY STEPS IN THE DEVELOPMENT OF REMEDIAL ALTERNATIVES FOR
PCB-CONTAMINATED SUPERFUND SITES

Source: . USEPA 1990. ____________________________ '
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TabIeA-14
Example of Skewness Coefficients

STAT.
BASIC
STATS

Variable

CHDL
LNCHDL

Descriptive Statistics

Valid N

57
57

Mean

4.218123
1.223595

Minimum

1.100000
.095310

Maximum

22,50500
3.11374

Variance

11.30450
.41492

Std.Dev.

3.362216
.644145

Skewness

3.176935
.256575

r
^

STAT.
BASIC
STATS

Variable

CHDL
t LNCHDL

Descriptive Statistics

Kurtosis

14.95128
.22884

• • . »

/"
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TableA-15
Example of F-test Indicating Parametric Statistics Required

STAT. -
BASIC
STATS-

Variable

LNCHDL

Grouping: GROUP ;
Group 1: s .
Group 2: b

Mean
s

4.656362

Mean
. b

5.221675

t-value

-.998911

. d*

59

P

.321917

Valid N
s • . -

57

Valid N
b

4

STAT.
BASIC
STATS

Variable

LNCHDL

Grouping: GROUP
Group l:s
Group 2 : b .

Std.Dev.
: • •' » .•'.

.722107

Std.Dev.
b

.312748

F-ratio
variancs

5.331060

P ,
variancs

.191158
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Table A-16
Example of F-test Indicating Nonparametric Statistics Required

STAT;
BASIC
STATS

Variable

LNCHDL

Grouping: GROUP . > • ' ,
Group 1: s - ' ' ' • • _ . _ , -
Group 2: b

Mean
.- s '

2.692084

. • Mean
b

3.310575

/
t-value

-1.70011

df

59

P

,094377

. Valid N.
. s :

57

Valid N
b

, • . , 4

STAT.-
BASIC
STATS

Variable

LNCHDL

Grouping: GROUP '
Group It s • - • . . . . " ' .
Group 2: b

std.Dev.
s

.720810

Std.Dev.
b •

.173130

F-ratio
variancs

17.33401

P
variancs

.036756

AR105289



: TABLE A-17
• • . ' • ' • • ' •

EXAMPLE OF ONE-TAILED T-TEST (a)

STAT.
BASIC
STATS

Variable

LNCHDL

Grouping: GROUP , .- .
Group _1 : s .
Group 2 : b ;

Mean
1 s'

2.539276*

Mean
b

3.269200*

t-value

-2.24076*

df

59*
. " , P V
.028820*

Valid N
s

57*

Valid N
b

4*

STAT.
BASIC
STATS

Variable

LNCHDL

Grouping: GROUP
Group 1: s ...
Group 2: b (

Std.Dev.
s

.627797*

Std.Dev.
b

.665628*

F-ratio
variancs

1.124151*

P
variancs

.694260*

(a) The reported P-lcvel is associated with a two-tailed test For a one-tailed test, the P-level should be divided in half in
order to compare it to the appropriate alpha level (0.05).
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TABLE A-18

EXAMPLE OF ONE-TABLED MANN-WfflTNEY U TEST (a)

STAT.
NONPAR
STATS

variable

LNCHDL

Mann-Whitney U Test ,
/ ' By variable GROUP .

Group 1: 101-s Group 2: 100-b , ' /'

Rank Sun
s

1663.000

Rank Sum
' b

228.0000

U

10.00000

2

-3.03013

£- level

.002446

Z
adjusted

-3.03021

p-level

.002446

STAT.
NONPAR
STATS

variable

LNCHDL

Mann-Whitney U Test (sosoOStf .sta)
By variable GROUP

Group 1: 101-s Group 2: 100-b

valid N
s

"

Valid N
• • , b !

i 4 '

(a) The reported P-lcvcl is associated with a two-tailed test For a one-tailed test, the P-level should be divided in half In
order to compare it to the appropriate alpha level (0.05). ..
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TABLE A-7

POTOMACYARD t' %f
Results of Statistical Background Comparison: North Tail

Human Health Risk Assessment

Chemical (a)

Human Health:
nj feet ' " •'-' "•'•' • •
"̂̂ *. 1 * * * ,.. .. ' . ... V ••".-'»' •!

Organics
PAHs(g,f)

inorganics
Aluminum
Arsenic (f) ;
Beryllium
Chromium
Manganese

3-8 Feet ; ; :
Organics
PAHs(g)

Inorganics
Aluminum
Arsenic
Beryllium
Chromium
Manganese

0-SFeet;
Organics
PAHs(g)

Inorganics
Aluminum
Arsenic
Beryllium
Chromium
Manganese

Mean (me/kg) <h)

Background

• : • " . • • • '
'•" ̂ ".. -,. ,..',:.' . . L'- .„

6.29E-03

9.49
2.00
-0.92
3.27
5-22

6.29E-03

9.49
2.00
-0.92
3.27
5.22

6.29E-03
•
9.49
2.00
-0,92
3.27
5.22

Site

. ,, . . ..,•.. ̂ , , ~

6.84E-03

8.48
2.30
-1.38
2.04
5.06

5.68E-03

8.58
1.53
-1.17
2.11
5.0!

6.25E-03

8.53 -
1.90
-1.27
2.08
5.03

Ftest
p-level (c)

" .• , -.'.. j1'',"' V-?-*"
". ' 4J .-.' , .. ,,- |~- .,'

• .

0.21

NC
0.25
NC
NC
NC

- -•" '• '•'•'; '."

•NC

NC
NC
NC
NC
NC

:. .-..'*».••

NC
j

NC
NC
NC

-NC
NC

One-tailed lest
ttest

p-level (d)

• ' ' ; ' - • ' j" - v'1-'

'.i-fv. .- ' f..:;~--'j*\

0.29

NC
0.38

' NC
NC
NC

-
NC

NC
NC
NC
NC
NC

NC

NC
NC
NC
NC
NC

MWtest
p-level (e)

-
I'.--..' ;'• '" ',. l-,.--^ ' - ,'
i ',!***.(•''-'*«' " '-"« • •»

NA

NC
NA .
NC
NC
NC

•̂ V "','•' V. .' ' - "'"" ,i. ''•

NC '

NC
NC

. NC
NC

' ,,-NC':̂-K"f. '•'/:* :'
NC
NC
NC
NC

' NC
NC
NC

Selected as
COPC(b)

-' ':. ' , - • '•'''-,•'<.
''•"'.•','• .,~....±,t..' ii,̂ v-;';. ,

No
"

No
No
No
No
No

:"-, v:>;=V:;'v '•**'-vr\<-1

No

No
No
No
No
No

, . • ''• "••." . :.- ..• •.*

No

No
No
No
No
No

NA -Not applicable . - ;.
NC - Not calculated because the on-site mean was less than the background mean.

(a) Chemicals analyzed in background analysis are those chemicals that exceeded Risk-based
screening concentrations reported by USEPA Region HI. •

(b) Chemicals selected as chemicals of potential concern (COPC),
(c) The variances of the site and background population were compared using an F-test

with an alpha level of 0.05. . -
(d) The means of the site and background populations were compared using a one-tailed t-tcst if the variances

were equivalent at an alpha level of 0.05. An alpha level of 0.05 was used for the one-tailed t-test.
(e) The means of the site and background populations were compared using a one-tailed Mann-Whitney

U test if the variances were not equivalent at an alpha level of 0.05. An alpha level of 0.05 was
used for the one-tailed Mann-Whitney U test. •

(f) Chemical for which a one-tailed test indicated that on-site mean
was not significantly higher than the background mean, •

(g) Expressed as B(a)P Equivalents composed of benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene,
bcnzo(k)nuoranthene(chryscnc, and indeno(l,2,3-cd)̂ yrenc. .

<h) The log-transformed mean is reported for the background and site data. This mean is used to numerically
compare the background and site data in order to eliminate on-site chemicals that are present at
concentrations less than background levels. The log-transformed mean js also used to statistically test the data.
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TABLE A-l

POTOMACYARD
Results of Statistical Background Comparison: North Yard

Human Health Risk Assessment

Chemical (a)

Human Health:
(nilpett,,.:.:̂.;,.;̂*; . .- •''-.'• •"-, ,:..••
Organics
PAHi&f) .

Inorganics
Aluminum
Arsenic (g)
Beryllium
Chromium
Copper(f)
Lcad(f)
Manganese

?-S' Feet ..'-{'V;,1' , .*,'' ••'-•,; ..-.
Organics

PAHsQi)
Inorganics '• .

Aluminum
Arsenic
Beryllium
Chromium
Copper
Lead
Manganese

D̂ 'Feiet *-̂ 7™~ '! - '•'.. * * '" \ "- '-'"
Organics

PAKs(h)
Inorganics
• Aluminum ' r

Arsenic (g)
Beryllium .
Chromium
Copper
Lead
Manganese

Mea« (m k̂g) (i)

Background

-.
.'V>/: •-.'*".'-' .}*•

6.29E-03

9.49
2.00 ,
-0.92
357
335
434
5.22

.'- ' ; .";.. -'.,

' 6.29E-03

9.49
2.00
-0.92
3-27
3.35
434 -
5.22

* • • f": "' •'
• 1

, 6.29E-03

9.49
2.00
-0.92
377

"3.35
4.34
5.22

Site

i"fj-J '""'•' '>.*

6.42E-03

839
437
•2.08
2.58
3.66
4.41
4.91

• •

6.I2E-03

8.79
1.88
-2.10
2.51
2.12
2.46
4.64

• '

6.27E-03

8.60
3.07
-2.09
2.54
2.85
339

, 4.77

Ftest
p-level (c)

V

.. . ': ;̂;.;"̂

0.29,

NC
0.19
NC
NC
0.17
036
NC ; _''

.!.*,

NC
1

NC
NC
NC
NC
NC •
NC
NC

- ,
NC

• • . '
NC
0.13
NC
NC
NC
NC
NC

One-tailed rest
ttest

p-level (d)
...

l.̂ -.'"'i:''; . :-iL

0.34

NC
0.009
NC
NC
031
0.45

..... ;,̂C ;,
U1.-- ''"-'-.••- '-.-''. ..'i C

NC
-
NC
NC
NC
NC
NC
NC .
NC

•- •'/ •

NC

NC
0.17
NC

^ NC
NC
NC
NC

MWtest
p-level (e)

"•*. ' "X: '; '££,' ' *

NA

NC
NA
NC
NC
NA
NA

.,,; -1!SL̂ ^
•'.!•';'."'.' .'"ĵ i/̂ iV* 4

NC

NC
NC
NC
NC
NC
NC
NC,

- " I''''.,' •' -'"""̂'-i'.';;.-

NC

NC
NA
NC
NC
NC
NC
NC

Selected u
COPC(b)

'̂•- J 'T̂ î '̂ ^̂ i

No

No
Yes ,
No
No
No
No

.__ ;No_
',;,v : IVy.'.̂ îi:̂

No

No
No
No
No
No
No
No

• . _,.'. -.̂  ''•/'/; "-r̂ : ',-.-'

: NO
No
Ye$
No
No
No
No

,, No

NA« Not applicable '
NC • Not calculated because the on-site mean was lesi than the background mean.

(a) Chemicals analyzed m background analysts are those chemicals that exceeded Risk-based
screening concentrations reported by USEPA Region HI, ;

(b) Chemicals selected as chemicals of potential concern (COPC). .
(c) The variances of the site and background population were compared using an F-iest

with an alpha level of 0,05. .
(d) The means of the site and background populations were compared using a one-tailed t*tcst if the variances .

were equivalent at an alpha level of 0,05. An alpha level of 0.05 was used for the one-tailed t-test
(e) The means of the site and background populations were compared using a one-tailed Mann-Whitney

U test if the variances were not equivalent at an alpha level of 0.05. An alpha level of 0.05 was
used for the one-tailed Mann-Whitney U test

(f) Chemical for which a one-tailed lest indicated that the on-site mean was not '
significantly higher than the background mean.

(g) Chemical for which a one-tailed test indicated that the on-site mean was significantly -
higher than the background mean. • . ,

(h) Expressed as B(a)P Equivalents composed of benzo(a)anthracene, benzo(a)pyrcne, bcnzo(b)fluoranthcne. benzoOc)fluoranthene,
chrysene, dibenzo(a,h)anthracene and indeno<1̂ 3-cd)pyrcne.

(i) The log-transformed mean is reported for the background and site data. This mean is used to numerically compare
the background and site data in order to eliminate on-site chemicals that are present at concentrations less than background levels.
The log-transformed mean is also used to statistically test the data.

AIM-05309
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TABLE A-9

POTOMACYARD
Results of Statistical Background Comparison: Central Operations

Human Health Risk Assessment

Chemical (a)

Human Health:
Ŝ&̂ .̂̂ ÛfŜ S.'fî ĥ
Organics
PAHs(f,h)

Inorganics
Arsenic (i)

_ Lead(h)̂  _ ^
0-8'F'eet •"•-•/ - ''' k* '''~' '"••"' ̂"̂ '~£̂ -*x*? ••' '
Organics
PAHs(f,h)

Inorganics
Arsenic (i)
lead

Mean (mg/kg) (g)

Background

4̂̂ iCr̂ V'tli

6.29E-03

2.00
434

'' "•.., '-"j >"'-". *' •'".,";

6J29E-03
f

2.00
434

Site

,
iSlvSi""1 'Ĉ'-'l

6.82E-03

3.83
4.99

-̂ 1? :''"* ''•'• £**••'•'• '•-'*'

6.62E-03

2.87
4.10

Ftest
p-level (c)

'fe;£̂J'̂ '̂

0.95

0.14
- 0.17
'.̂"•' ••;-• :. : -r̂ j'̂ "--'"-

i.ii
0.12
NC •

One-tailed Test
ttest

p-level (d)

.̂444l5£'
0,14

0.05
: 0.19 ̂
i-Cte-̂ k̂

0.23
• '. . ,

0.23
NC

MWtest
p-level (e)

It̂ Ŝ 'fJK̂ fc

NA

NA
_NA _ ̂

',-,$%* :"v-'. ~«V V.l̂ *

NA

NA
NC

Selected as
COPC(b)

SSl̂ ŜS
'

No
,
Yes

kW_No: 'w
«• .t'''c>I"*̂^̂S2

No

Yes
No

NA « Not applicable • .
NC - Not calculated because the on-site mean was less than the background mean.

(a) Chemicals analyzed in background analysis arc those chemicals that exceeded Risk-based
screening concentrations reported by USEPA Region III. :

(b) Chemicals selected as chemicals of potential concern (COPC).
(c) The variances of the site and background population were compared using an F-test

with an alpha level of 0.05. - •
(d) The means of the site and background populations were compared using a one-tailed t-test if the variances

were equivalent at an alpha level of 0.05. An alpha level of 0,05 was used for the one-tailed t-test.
(e) The means of the site and background populations were compared using a one-tailed Mann-Whitney

U test if the variances were not equivalent at an alpha level of 0.05. An alpha level of 0.05 was '
used for the one-tailed Mann-Whitney U test ..

(f) Expressed as B(a)P Equivalents composed ofbenzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene> benzo(k)fluoranthene,
chrysene,dibenzo(aji)anthracenev and indeno(l,2,3-cd)pyrene.

(g) The log-transformed mean is reported for the background and site data. This mean Is used to numerically
compare the background and site data in order to eliminate on-site chemicals that are present at concentrations less
than background levels. The log-transformed mean is also used to statistically test the data. . .

(h) Chemical for which a one-tailed test indicated that the on-site mean was not significantly higher than
the background mean. -

(i) Chemical for which a one-tailed test indicated that the on-site mean was significantly higher than the background mean.

ARI 05310



. TABLE A-10»

POTOMACYARD
Results of Statistical Background Comparison: South Yard & South Tall

Human Health Risk Assessment

Chemical (a)

Human Health:

Organics
PAHsOuf)

Inorganics
Aluminum
Arsenic (g)
Beryllium
Chromium
Lead.
Manganese '

, Selenium (f)
Vanadium
Zinc

3-8 Feet . ,'; / ..,;';.
Organics
PAHs(h)

Inorganics
Aluminum
Arsenic (f)
.Beryllium
Chromium
Lead
Manganese ,
Selenium
Vanadium
Zino :

0-3 Feet
Organics
PAHs(h)

Inorganics
Aluminum
Arsenic (g)
Beryllium
Chromium • ;
Lead
Manganese
Selenium (f)
Vanadium
Zinc

Mean <rc

Background

.- ..- ,,-.,.

6.29E-03

9.49
2.00
-0.92
3.27
434
5.22
-1.00
331
4.93

6.29E-03

9.49
2.00
-0.92
3.27
4.34
5.22
-1.00
331
4.93

6.29E-03

9.49
2,00
-0.92
3.27
4.34
5.22
-1.00
331
4.93

!/k«) (0

Sltt

6.49E-03

8.26
433
-1.41
2.56
4.05
4.99
-0.24 .
2.73
437

• :
5.79E-03

8.54
233
-136
2,52
3.46
4.71 "
0.47
2.65
3.80

6V15E-03

839
339
-138
2.54
3>77
4.S6
-0.41
2.69
4.10

Ftest
p-level <c>

031

NC
' 0.25
NC
NC
NC
NC
038
NC
NC

NC

NC
033
NC
NC
NC
NC
NC
NC

- NC

NC

NC
0.19
NC
NC
NC
NC
0.46
NC -
NC

One-tailed lest
ttest

p-level (d)

:«••• - . - •

0.40

NC
0.006
NC ,
NC

. NC
NC
0.15
NC
NC

."""

NC

NC
034
NC
NC
NC
NC
NC
NC
NC

NC f :

NC
0.08
NC
NC
NC
N£
0.19
NC
NC

MWtest
p-level (e)

"- '* '• •""

NA

NC
NA
NC
NC
NC
NC
NA
NC
NC

•*r- ": ">'•'' '- '*''

NC

NC
NA
NC
NC
NC
NC
NC
NC

, NC

NC

NC
NA
NC
NC
NC
NC

1 NA
NC
NC

Selected as
COPC(b)

' '---•••. -r"; •̂ •̂ ;1

No
(

No
Yes
No
No
No

. No
No
No
No

f.,;-'-"''.,-.- v-̂ -.>-

No
k
No
No
No
No
No '"
No
No
No
No

•,- ' ''' V' "

No

No
Yes
No

• No
No
No
No
No
No

NA » Not applicable .
NC * Not calculated because the on-site mean was less than the background mean.

(a) Chemicals analyzed in background analysis are those chemicals that exceeded Risk-based
screening concentrations reported by USEPA Region III.

(b) Chemicals selected as chemicals of potential concern (COPC). . .
(c) The variances of the site and background population were compared using an F-test

with an alpha level of 0.05,
(d) The means of the site and background populations were compared using a one-tailed t-test if the variances

were equivalent at an alpha level of 0.05. An alpha level of 0.05 was used for the one-tailed t-test
(e) The means of the site and background populations were compared using a one-tailed Mann-Whitney

U test if the variances were not equivalent at an alpha level of 0.05. An alpha level of 0.05 was
used for the one-tailed Mann-Whitney U test ' .

(f) Chemical for which a one-tailed test indicated that the on-site mean was not
significantly higher than the background mean. . .

(g) Chemical for which a one-tailed test indicated that the on-site mean was significantly
. higher than the background mean.

(h) Expressed as B(a)P Equivalents composed of bcnzo(a)anthracene; benzo(a)pyrcne, benzo(b)fluoranthenc,
benzo(k)fluoranthcne, chrysene, dibcnzo(a,h)anthraccne. carbazole, and indcno(1.23-cd)pyrene.

(i) The log-transformed mean is reported for the background and site data. This mean is used to numerically
compare the background and site data in order to eliminate on-site chemicals that are present at concentrations less ,
than background levels. The log-transformed mean is also used to statistically test the data. . ̂  t . •

An.'1053'l I



. ' - , - . TABLE A - I O b

POTOMACYARD
Results of Statistical Background Comparison: South Yard & South Tail

Ecological Risk Assessment

Chemical

Ecological:

Organics
Anthracene (e)
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)flu0ranthene
Benzo(g,h,i)perylene (e)
Chrysene(e)
Fluoranthcne
Indeno(l,2,3-cd)pyrene(e)
Phenanthrene
Pyrene

Inorganics
Aluminum
Arsenic (f)
Barium
Beryllium
Calcium
Chromium
Copper (e)
Iron
Lead
Manganese '
Magnesium
Nickel

- Selenium (e)
Vanadium
Zinc

Mean (m

Background

,- •»•, _..--.• • -^.-, ••-•. -*../

4.90E-03
6.04E-03
6.00E-03
6.01E-03
6.08E-03
4.97E-03
6.08E-03
6.67E-03
3.08E-03
5.93E-03
6.54E-03

9.49
2.00
4.55
-0.92
8.54
3,27
3.35
9.91
4.34
5.22
7.69
3.03
-0.99
3.31
4.93

g*g) (g)

Site

•f»-, ..*<<„•.- .. .„. S!>i. : ., fc

5.00E-03
5.34E-03
5.49E-03
5.88E-03
5.19E-03
5.48E-03
6.09E-03
5.56E-03
5.44E-03
5.70E-03
6.36E-03

8.26
4.33
4.17
-1.41

-. 7.71
2.56
3.43
9.88
4.05
4.99
6.52 ,
2.48
-0.24
Z73
4.37

Ftest
p-level (b)

-..&. , ;.,.,,*̂ .Vi-,L, ̂i,-....'.

1.08
NC
NC
NC
NC
0.13
0.58
NC
0.09
NC

- NC
.
NC
025
NC
NC
NC
NC
0.20
NC
NC

. NC
NC
NC
0.38
NC
NC

One-tailed 1 est
ttest

p-level (c)

,. • » - -V « «" * JSfcsaj.̂ ^̂

0.43
NC
NC
NC i
NC
0.30
0.49
NC
0.37

. NC
NC '

NC
0.006
NC
NC
NC-
NC
0.45
NC
NC
NC
NC
NC
0.15
NC
NC

MWtest
p-level (d)

"
*""'" " * "~ '** •*

NA
NC
NC
NC
NC
NA
NA
NC
NA
NC
NC

NC
NA
NC
NC
NC
NC
NA
NC
NC
NC
NC
NC
NA
NC
NC

Selected as
COPC(a)

\
..;;.„-;:''.,;;*•- ocfc*

- No
No
No
No
No
No
No
.No
No
No
No

No,
Yes
No
No
NoNO:
No
No .
No
No
No
No
No
No .
NO -;-

NA * Not applicable
NC* Not calculated because the on-site mean was less than the background mean.

(a) Chemicals selected as chemicals of potential concern (COPC). '
(b) The variances of the site and background population were compared using an F-test

with an alpha level of 0.05r
(c) The means of the site and background populations were compared using a one-tailed t-test if the variances

were equivalent at an alpha level of 0.05. An alpha level of 0.05 was used for the one-tailed t-test
(d) The means of the site and background populations were compared using a one tailed Mann-Whitney

U test if the variances were not equivalent at an alpha level of 0.05. An alpha level of 0.05 was
. used for the one-tailed Mann-Whitney U test.

(e) Chemical for which a one-tailed test indicated that the on-site mean was not significantly
higher than the background mean. . '

(f) Chemical for which a one-tailed test indicated that the on-site mean was significantly
higher man me background mean.

(g) The log-transformed mean is reported for the background and site data. This mean is used to numerically
compare the background and site data in order to eliminate on-site chemicals that present at concentrations
less that background levels. The log-transformed mean is also used to statistically test the data.
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TABLE A-ll

' POTOMACYARD
Results of Statistical Background Comparison: Slaters Lane

Human Health Risk Assessment

Chemical (a)

^ Human Health:

Organics
PAHs(th)

Inorganics
Aluminum
Arsenic (h)
Barium
Beryllium
Chromium

, Manganese
Vanadium

Organics
PAHs(f)

Inorganics
^ Aluminum

Arsenic (h)
Barium (h)
Beryllium (h)
Chromium
Manganese
Vanadium

Organics
PAHs(0

Inorganics
Aluminum
Arsenic (h)
Barium (h)
Beryllium
Chromium
Manganese
Vanadium

Mean (m

Background

»*»• . . ,.- ',»*, .

6.29E-03

9.49
2.00
4.55
-0.92 .
3.27
5.22
3.31

6.29E-03

9.49
2.00
4.55
-0.92
3.27
5.22
3.31

"*„ ' " * '
6.29E-03

9.49
2.00
4.55
-0.92
3.27
5.22
3.3t

Sitt
• :

6.49E-03

8.81
3.23
4.52
-1.02
2.71
4.44
3.02

5.27E-03

8.78
2.76
4.75
-0.90
2.23
4.71

, 2.91

6.26E-03

8.80
2.97
4.65
-0.95
2.45-
4.59
2.96

Ftest
p-level (e)

:.. ...... .

0.06

NC
0.20
NC
NC
NC
NC
NC

NC

NC
0.25

. 0.03
0.03
NC
NC
NC

'"• ;
NC

; NC
0.25
0.03
NC
NC
NO
NC

Une-tailed i est
ttest

p-levdfd)

"'"*•" •.-.-• -; . ;

0.31

NC
0.14
NO
NC
NC
NC

• NC ;
V . °' •

NC
-
NC
0.22
NA
NA
NC
NC
NC

NC

NC
0.16
NA
NO
NC

' NC
NC

MWtest
p-level (e)

. '

' - '•• •" "•' ' "i'1

NA :
NC
NA
NC
NC
NC
NC
NC

- , ••'"••••' '
NC

NC
NA
0.261
0.14
NC
NC
NC

'

NC

NC
NA

/ 0.30
NO
NC
NC
NO

Selected as
COPC(b)

No

No
No
No
No
No
No
No

• J-. •: '-, -, _

No

No
No
No '
No
No
No
No

No

No
No
No
No
No
No
No

, N A - N o t applicable . . . - . ' • - . !
NC m Not calculated because the on-site mean was less than the background mean.

(a) Chemicals analyzed in background analysis are those chemicals that exceeded Risk-based
screening concentrations reported by USEPA Region III. " •

(b) Chemicals selected as chemicals of potential concern (COPC).
(c) The variances of the site and background population were compared using an F-test

with an alj>ha level of 0.05. , , • " ' '
(d) The means of the site and background populations were compared using a one-tailed t-test if the variances -

were equivalent at an alpha level of 0.05. An alpha level of 0.05 was used for the one-tailed t-test. .
(e) The means of the site and background populations were compared using a one-tailed Mann-Whitney
v U test if the variances were not equivalent at an alpha level of 0.05. An alpha level of 0.05 was <

used for the one-tailed Mann-Whitney U test .
(0 Expressed as B(a)P Equivalents composed of benzo(a)anthracenet benzo(a)pyrene, benzo(b)f1uoranthene, benzo(k)fluoranthene,

cru>sene,dibenzo<a,h)anthracene,an<iindeno<l,2̂ -cd)pyrene.
(g) The log-transformed mean is. reported for the background and site data. This mean is used to numerically

compare the background and site data in order to eliminate on-site chemicals that present at concentrations less :
less than background levels. The log-transformed mean is also used to statistically test the data.. '

(h) Chemical for which a one-tailed test indicated that the background mean was significantly higher than
or equal to the on-site mean.* , . -



TABLE A-12a

POTOMACYARD ' r!
Results of Statistical Background Comparison: Potomac Greens

Human Health Risk Assessment

Chemical (a)

Human Health:

Organics
PAHs(h)

Inorganics
. Aluminum

Arsenic (f)
Barium (f)
Beryllium (0
Manganese (f)
Vanadium (0

3-SFeet,̂  .. . • ..
Organics :
PAHs(h)

Inorganics
Aluminum . .

. Arsenic (f)
Barium
Beryllium (f)
Manganese
Vanadium (f)

Organics
PAHs(h)

Inorganics
Aluminum
Arsenic (f)
Barium (f)
Beryllium (f)
Manganese
Vanadium (i)

Mean {m

Background

;..-•. •-,, •/. v-.v,.,.̂ -.̂

6.29E-Q3

9.49
2.00
4.55
-0.92
5.22
3.31

6.29E-03

9.49
2.00
4.55
-0.92
5.22
3.31

/ .
6.29E-03

9.49
2.00
4.55
-0.92
5.22
3.31

Site

''• '•' ": "'•-••• "

6.05E-03

8,63
3.12
5.75
0.35
4.77
3.54

. •• .

6.07E-03

8.82
2.70
5.68
0.94
4.82
3.56

L
6.07E-03

8.73
2.90 *
5.71
0.23
4.79
3.55

Ftest
p-level (c)

..«*:„.;.- •• -„•<,';•;( -:.;...• >

NC

NC
0.25
0.03
0.02
NC -.
0.07

NC

NC
0.18
NC
0.004

. NC
0.04

(NC

NC
0.21
0.03
0.02

- ' NC
0.06

One-tailed Test
ttest

p-level (d)
- '

••••••̂ v̂ >-;î

NC
•

NC
, 0.12
NA
NA
NC

J).24
.'• * " • "~hu "

NC

NC
0.26
NC
NA
NC
NA

NC

NC
0.18
NA

, NA
NC
0.23

MWtest
p-level (e)

0̂ :,̂ "'̂ *v;

NC

NC
, -NA

0.10
0.06
NC
NA^_

'•-'-*• 1 :».:-'-\>lV .-*>"' t
^

NC

NC
- - ' NA

NC
0.10
NC
0.26

NC

NC
, NA

0.11
0.11
NC
NA

Selected as
COPC(b)

tf̂ >â a
No

No
No
No
No
No

"- ̂ ..i*"̂ 2̂SiiSŜ
No

No
No
No
No
No -
No .

-'.'. -.;.>%<;;-• W

No

No ,
No
No
No
No
No

• Not applicable
1 Not calculated because the on-site mean was less than the background mean.,

(a) Chemicals analyzed in background analysis are those chemicals thai exceeded Risk-based
screening concentrations reported by USEPA Region HI.

(b) Chemicals selected as chemicals of potential concern (COPC).
(c) The variances of the site and background population were compared using an F-test
... with an alpha level of 0.05.
(d) The means of the site and background populations were compared using a one-tailed t-test if the variances

were equivalent at an alpha level of 0.05. An alpha level of 0.05 was used for the one-tailed t-test.
(e) The means of the site and background populations were Compared using a one-tailed Mann-Whitney

U test if the variances were not equivalent at an alpha level of 0.05. An alpha level of 0.05 was
used for the one-tailed Mann-Whitney U test ' .

(i) Chemical for which a one-tailed test indicated that the on-site mean was not significantly higher than
the background mean. . "

(g) The log-transformed mean is reported for the background and site data. This mean is used to numerically .
compare the background and she data in order to eliminate on-site chemicals that are present at concentrations
less than the background. The log-transformed mean is also used to statistically test the data.

(h) Expressed as B(a)P Equivalents composed of benzo(a)anthracene, benzo(a)pyrene1, benzo(b)fluoranthene,
benzo(k)fluoramhene, chrysene, dibenzo(a,h)anthraccne, and indeno(l*2»3-cd)pyrene.

AB 105311*



TABLE A-12b

POTOMACYARD
Results of Statistical Background Comparison: Potomac Greens

/ Ecological Risk Assessment

Chemical

_ Ecological _ _
,0-3'̂eet(on'&i>'.::/i.;;:; "•• "•'',,•:.'•
Organics

Anthracene
Benzo(a)anthracene (e)
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(g,h,i)perylcne (e)
Benzo(k)fluorene
Chrysene
Fluoranthrene

' Indeno(123,cd)pyrene
< Phenanthrene
Pyrene

Inorganics
1 Aluminum
Arsenic (e)
Barium (e)
Beryllium (e)
Calcium
Chromium
Cobalt (e)
Copper (e)
Iron
Lead
Magnesium
Manganese
Nickel'
Potassium (e)
Vanadium (e)
Zinc

Mean <m :/kg) (I)

Background

\,H-'-;:'-'! '•-". '•/••

4.90E-03
6.04E-03
6.00E-03
6.01E-03
4.97E-03
6.08E-03
6.08E-03
6.67E-03
5.08E-03
5.93E-03
6.54E-03

9.49
2.00
4.55
-0.92
8.54
3.27
1.81
3.35
9.91
4.34
7.69
5.22
3.03
6.40
3.31
4.93

Site

A-. •'' '-i •""•''
4.44E-03
5.34E-03
5.41E-03
5.43E-03
5.25E-03
5.25E-03
5.45E-03
5.S2E-03
5.50E-03
5.2 IE-03
5.61E-03

8.63
3.12
5.75
0.35
8.28
2.16
2.10
3,71
9.02
3.36
6.86

. 4.77 ,
2.24
6.64
3.54
3.67

Ftest
p-level (b)

'-"' ::*''/,'':/-V̂',-iV;̂-

NC
0.06
NC
NC
0.51
NC
NC
NC
0.82
NC
NC

NC
0.25
0.03
0.02
NC
NC
032
0.86
NC
NC
NC

. NC
NC
0.28
0.07
NC

One-tailed Test
ttest

p-level (c)

:.--"<".vY,-/;-.' ."'/' •' '' ' 'K

NC
0.03
NC
NC
0.2S
NC
NC
NC
0.18
NC
NC

NC
0.12
NA
NA
NC
NC
0.19
0.12
NC
NC
NC
NC '
NC
0.31
0.24
NC

MWtest
p-level (d)

*••- ' ": V

NC
NA
NC
NC
NA
NC
NC
NC
NA
NC
NC

NC
• -NA
0.10
0.06
NC
NC
NA
NA
NC
NC
NC
NC
NC
^NA
NA
NC

Selected as
COPC(a)

'••-?!# > •l'-U>.r," .̂  - ;'•

No
No -
No
No

, No
No
No
No
No
No
No
•:' .

No
No
No

, No
No
No
No
No ,
No
No
No
No
No
No
No ;
No

N A • Not applicable ,
NC » Not calculated because the on-site mean was less than the background mean.

(a) Chemicals selected as chemicals of potential concern (COPC).
(b) The variances of the site and background population were compared using an F-test .

with an alpha level of 0.05. .
(c) The means of the site and background populations were compared using a one-tailed t-test if the variances

were equivalent at an alpha level of 0.05. An alpha level of 0.05 was used for the one-tailed t-test.
(d) The means of the site and background populations were compared using a one-tailed Mann-Whitney

U test if the variances were not equivalent at an alpha level of 0.05. An alpha level of 0.05 was
use4 for the one-tailed Mann-Whitney U test.

(e) Chemical for which a one-tailed test indicated that the on-site mean was not
significantly higher than the background mean,

(f) The log-transformed mean is reported for the background and site data. This mean is used to numerically
compare the background and site data in order to eliminate on-site chemicals that are present at concentrations less
than background levels. The log-transformed mean is also used to statistically test the data.



TABLE A-13

POTOMACYARD j '-•?
SOIL BACKGROUND DATA

(Concentrations reported in mg/kg)

Compound

Acenaphthylene (e)
Aluminum
Anthracene
Arsenic
Barium
Ba(P) Equivalents
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)f]uoranthene
Benzo(G,H,!)perylene
Benzo(k)fluoramhene
Benzoic acid (e) , . . .
Beryllium ' s
Calcium
Chromium
Chrysene
Cobalt
Copper ,
Dibcnz(a,h)anthracene (e)
Dibenzofuran (e)
Fluoranthene
Fluorene (e) '
Indeno(123,cd)pyrene
Iron
Lead
Magnesium .
Manganese
2-Methylnaphthalene (e)
Naphthalene (e)
Nickel
Phenanthrene (e)
Potassium

. Pyrene (e)
Selenium
Total petroleum Hydrocarbons (e)
Vanadium
Zinc .

Frequency of
Detection (a)

3 / 4
4 / 4
4 / 4 ;
4/4 .
4 / 4
4 / 4
4 / 4
4 /4
4 / 4
4 / 4
4 / 4
1 / 4
1 74
4/4
4/4
4 / 4
1 / 4
4 / 4
2 /.4
1 / 4
4 / 4
I / 4
4/4 ,
4 / 4
4 / 4
4 / 4
1 / 4
1 / 4
1 / 4
4 / 4
4 / 4
2 / 4
4 /4
2 / 4
2 / 4
4 / 4
4 / 4

Mean
Sample
Size(b)

3
4
4
4
4
4
4
4
4
4
4
1
4
4 '
4
4
4
4
2
1
4
1
4
4
:4
4
4
3 -
1
4
4
4

' 4
4
2
4
4

Range of
Detected

Concentrations

0.07 - 0.15
11900 - 16894
0.04 - 0.39 .
3.6 - 23.7
70 - 131

0.23 - 1.3
0.21 - 0.97
0.18 - 0.87
0.16 - 1.2
0.07 - 0.32
0.19 - 1.1

0.08
0.57

1730 - 40500
16 - 70

0.21 - 1.1
9.7

19-57
0.10 - 0.17

0.09
0.41 - 1.9

0.04
0.07 - 0.37
17-23
39 - 132

1020 * 9380
235
0.19
0.12

13 - 58
0.22 - 0.79
737 - 973
0.37 - 1.3

12
6.4 - 7.8
25 - 36 -

74.5 - 421

Average
Concentration (c)

0.10
13349
0.18
9.9
97
0.68
0,51
0.48
0.54
0.17
0.54
0.083
0.41
12253
32
0.54
6.4
31
0.13
0.09
0.95
0.04
0.20
20

, 87
3386
192
0.19
0.12
26
0.44
646
0.78
0.49
7.1
28
181 .

Range of
Detection
Limits (d)

NA
NA-
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

0.56 - 0.81
NA .;

NA
NA

9.8 - 11.5
NA
NA
NA
NA
NA
NA
NA ,
NA .
NA

234 - 424
0.38
NA
NA
NA

708 - 1040
NA

0.43 - 0.56
NA
NA
NA

NA • Not Applicable - .

(a) Number of samples in which the chemical was detected divided by the total number of samples analyzed for that chemical.
(b) Number of samples considered valid for calculation of the mean concentration. Excludes those non-detect samples

in which the detection limit was more than twice the maximum detected value. Also excludes samples eliminated
as a result of data validation.

(c) Arithmetic mean concentration. ' v .
(d) Excludes detection limits that were greater than twice the maximum detected concentration.
(e) Chemical not analyzed in background analysis.
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APPENDKB

EMISSIONS AND DISPERSION MODELING

INTRODUCTION

Two potential sources of airborne emissions, fugitive dusts and volatilization, were identified for
quantitative analysis to support the human health risk assessment Emissions and dispersion '
modeling was conducted for construction activities that could release fugitive dust, and trenching
activities that could lead to worker exposures to diesel fuel components through volatilization.
The following sections provide details of the methods and results of the modeling for each
source. The ambient air concentrations generated by the modeling are summarized for individual
chemicals present in fugitive dust and for chemical component classes of total petroleum
hydrocarbon (TPH) volatiles in the relevant human health risk tables in Appendix I.

FUGITIVE DUST MODELING

Emissions and air dispersion modeling was conducted to predict ambient air dust concentrations
of chemicals released from soil disturbed by construction., These ambient air dust concentrations
were used in calculations to predict long-term potential inhalation risks due to the proposed
Potomac Yard Site developments. The Fugitive Dust Model (FDM, Version 93070), a model
provided by the EPA specifically for modeling fugitive dust sources, was used to determine
ambient air concentrations. The refined features of FDM for modeling particle transport, area ,
source emissions, and concentrations for receptors located on the source make it the ideal model
for this evaluation. .

' . . / _ '
A single emission flux rate was used for each interim and future construction area. The emission
flux rate was taken from the EPA AP-42 chapter on fugitive dust sources (EPA, 1985). The.
proposed interim and final construction activities at the Potomac Yards Site can be characterized
by the AP-42 emission factor for heavy construction operations. The heavy construction
operations emission factor value of 2.69 Mg/hectare/month was converted to 1.04 E-4 g/square
meter/second to comply with the standard units required as model input This factor was
developed from field measurements of total suspended particle (TSP) concentrations in ambient
air at apartment and retail center construction projects. For the inhalation risk pathway, the
application of an emission rate based on TSP instead of scaling to respirable PM10 provides a
high-end ambient air concentration, adding a level of conservatism to the risk analysis. Relevant
emission input data for the FDM model is included in Table B-1.

A variety of data describing the facility and meteorology was used to conduct the air dispersion
modeling for each of the proposed construction projects. Surface meteorological data from the
National Weather Service (NWS) station at National Airport was used for the years 1987 to
1991. The FDM model was run using stability array (STAR) data sets; a STAR data set is a

••'• " ' "' '' ' < B-l " , - ' . , - '.
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joint frequency distribution of wind speed, wind direction, arid atmospheric stability. Mixing
height values for each year modeled were obtained from the nearest NWS upper air station

\̂  J located near Dulles Airport. While the proximity of the upper air station to the site ensures an
adequate description of the mixing height the nature of the emission source (i.e., ground-level
release with no buoyancy) makes the mixing height a negligible factor. Relevant meteorological
data input information for the FDM model is included in Table B- 1 .

Each construction area in the proposed interim and future developments was modeled separately
to obtain ambient air concentrations for the receptors of interest Three areas were modeled as
interim construction projects: .South Yard/South Tail; North Yard; and North Tail. Six areas
were modeled as future construction project sites: South Yard/South Tail; Central Operations;
North Yard; North Tail; Slaters Lane; and Potomac Greens. The acreage and time of soil .
disturbance for each source area was provided by RF&P. The acreage for each of the projected

. , . construction sites were scaled to reflect the' amount of earth disturbed during one month of
construction, in correspondence with the AP-42 monthly emission factor. For each of the interim
projected construction sites, RF&P provided the total acreage to be developed. This acreage was
divided by the projected number of months of soil disturbance to obtain the acreage per month of
disturbed soil. For the future projected development a scaling factor was obtained from RF&P
defining the number of months of earth moving activity per year (25 percent of the year or three
months). This scaling factor was applied by dividing the total construction site acreage per year
by three months to obtain the acreage per month of disturbed soil. The area source specifications

_ for each of the construction areas are shown in Tables B-2 and B-3. '/'" • • • "
^̂ *s Long-term average air concentrations were predicted at three receptor locations for each

development project. The on-site workers were represented by receptors placed at 61 -meter
intervals across each source area. A fixed receptor grid, with 61 -meter spacing, on the Site fence
line along Jefferson Davis Highway characterized the off-site resident. A fixed receptor grid,
with 61 -meter spacing, along the eastern border of Slater's Lane was used to represent the on-site
residents. Relevant receptor input descriptions for the FDM model are included in Table B-l .
Unlike other emission sources that result in maximum ground-level concentrations at some
.distance from the source, a ground-level source, like the dust emissions modeled here, exhibit
higher concentrations as one moves closer to the source. Therefore, the residential receptor
locations selected for this evaluation will produce the highest model predicted air concentrations
as they are located along the Site boundary.

For each construction site modeled, long-term maximum concentrations were used to calculate
chronic high-end risks. These maxima were taken as the highest ambient air concentration of the
five years of meteorological data modeled for each construction site for all three cases. These
maximum ambient air concentrations are found in Tables B-4 and B;5. Average ambient air
concentrations were used to calculate chronic central-tendency risks. These averages were
arithmetic means of all fixed grid receptor concentrations for each case: off-site resident on-site
resident, and on-site worker. The average ambient air concentrations are found in Tables B-6
and B-7.

B-2
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TRENCH MODELING

As part of this study, the potential exposure to diesel fuel total petroleum hydrocarbons (TPH)
for workers in a utility trench was evaluated. The exposure pathway involved inhalation of TPH
components which could be released into the air through volatilization from soil. Chemicals
representative of the major chemical classes in diesel fuel petroleum were selected as modeling
surrogates for TPH. Air concentrations in the trench were calculated for each surrogate, based on
the TPH soil concentrations in each of the six areas evaluated.' Appendix D provides a detailed -
discussion of the chemical classes in TPH and the selection of surrogate compounds. The
following discussion details the procedures used to estimate the soil-gas concentrations for each
surrogate, the resulting flux rate from soil into trench air, and finally the ambient trench-air
concentrations to which workers could be exposed.

Estimation of Soil Gas Concentrations .

The initial step in estimation of trench-air concentrations for the TPH surrogate chemicals, is the
calculation of the concentrations in the soil gas. The central tendency TPH concentrations in soil
(0 to 8 foot depth), were scaled to account for the portion of the TPH concentration that was
diesel fuel. The diesel fraction of the TPH concentrations was then apportioned to the chemical .
surrogates, based on their relative percentage in the mixture. Table B-8 presents the diesel
fraction of the'TPH soil concentrations used for each area, and the resulting distribution for the
chemical surrogates. *-*~ ..

Having defined the soil concentration for each surrogate, the associated soil-gas concentration
could then be calculated. The soil-gas concentration was determined using an equilibrium
partitioning model described by Bomberger et al. (1983). Table B-9 provides the
physical/chemical properties of the surrogate chemicals used in this evaluation. In some cases,
literature values were not available in. the consulted sources and estimates of the parameters were
computed using accepted published methodologies. The partitioning of the chemical into the
three soil matrix phases (i.e., absorbed to particles, dissolved in soil-pore water, and soil-gas
vapor) was done using the total material factor as follows:

Hf Ht

where:

- total material factor for each chemical surrogate,
» volume fraction of soil that is air,

0W « ' volume fraction of soil that is water, ,
H* m Henry's Law Constant (unitless),
pt * soil bulk density g/cm3, , - <
KK =• organic carbonrwater partition coefficient (mg/kg organic carbon per mg/L water), and
fM - fraction of organic carbon in soil (0.0145 g organic carbon/g soil).

' ' '
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Site measurements of total porosity for soil were not available. This is a critical parameter in the
emissions model, affecting both the amount of material partitioning into the gas-phase, and the
effective vapor-phase diffusion through the soil matrix. A limited sensitivity analysis was
conducted for this evaluation, using endpoints from the range of expected values. It is likely that
much of the soil at the site has been or will be compacted prior to trenching operations, therefore,
a total porosity of 0.25 was used for compacted soils. This lower end total porosity was then
split evenly between the air-filled and water-filled components (i.e., each component assigned a
value of 0.125). A total porosity of 0.5 was used to represent the upper end of thecxpected
porosity* This value is reflective of large particle aggregates or soils that have been disturbed
frequently. The water fraction of soil (0.22) was obtained from an average moisture content
.reported in the ECS Report for two samples, taken from North and South Tail areas of the Site.
The air fraction of the soil (0.28) was determined from the difference between the total porosity
and the water fraction. A soil bulk density of 2.02 g/cm3 was obtained from the ESC Report,
Volume I, and used for the total porosity of 0.5. For the lower total porosity of 0.25, the soil
bulk density was increased to 4 g/cm3 to account for the more compacted nature of the soil. The
fraction of organic carbon (0.0145) was obtained from an average of total organic carbon values
reported in the ECS for various soil samples taken at the Site, and was used with both total
porosity values. The Henry's Law Constant and the K̂  values for each chemical were taken
from Table B-9.

Using the total material factor," the soil-gas concentration can then be calculated as:

c =
a

where: . ,

Q, . - soil-gas concentration of each chemical surrogate (g/cm1),
C, - soil analytical concentration of each chemical surrogate (g/g)»
pb « soil bulk density g/cm1,
a * total material factor for each'chemical surrogate.

The soil concentrations of each chemical surrogate used in this analysis, and the calculated total
material factors and soil-gas concentrations are provided in Table B-10 (total porosity of 0.5) and
B-ll (totalporosity of 0.25).

Estimation of Trench-air Concentrations - ,

To determine the soil-gas concentrations in trench air, the soil-gas concentrations calculated
above were input into a volatilization model developed by Hwang (EPA 1986). The Hwang
model is based on a mass balance over a vertical element of soil calculated from diffusive fluxes
across the concentration gradients above and below the element When the model is simplified
by assuming a uniform soil concentration of unlimited depth and a zero concentration of soil

B-4
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gases at the soil-atmosphere interface, the flux rate (NJ for a given exposure period can be
determined using the following equation:

' ' ' " "

with the value of beta (p) calculated from the following equation:

where:

N, - flux rate of soil gas into trench (g/cm2-sec), .
Ĉ i '» soil-gas concentration (g/cm1),

volume traction of soil that is ari-filled,
effective diffusivity through soil (cmVsec), :
time (assumed to be an 8 hour workday) (23,800 sec),
soil bulk density g/cm1
organic carbon:water partition coefficient (mg/kg organic carbon per mg/L water),
fraction of organic carbon in soil (0.0145 g organic carbon/g soil), and

H' Henry's Law Constant (unitless).

The effective diffusivity term in the flux rate equation is used to account for the tortuosity effect
of porous media. Using the chemical-specific molecular diffusivity in air (D{), shown in Table
B-9, the effective diffusivity can be calculated as:

/>.=/>,
10/3

where 8t is the total soil porosity (0.50 or 0.25), and all other terms in the equation are as
described earlier. The calculated values for p and Nt are provided in Table B-10 (total porosity
of 0.5) and B-l 1 (total porosity of 0.25).

B-5
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Once the flux rate has been determined, the chemical concentrations in the trench air can be
estimated using the following equation: " • " ' ' '

TAC =
(AX)(VOL)

where:

TAC
N.
AREA
CF
AX
VOL

trench-air concentration (g/m3)t
flux rate (g/m2-sec),
trench surface area (139 m3),
conversion factor (3600 sec/hour),
air exchanges per hour (4/hour), and
volume of the trench (68 m1).

For this scenario it was assumed that workers would be exposed in a trench 8 ft deep (2.44 m)
, by 4 ft wide (1.22 m) by 75 ft long (22.86 m), throughout an 8-hour work day. Based on these

assumptions, the trench surface area and volume were calculated as 139 m3 and 68 m3,
respectively. The number of air exchanges per hour was assumed to be 4. The values for the

' resulting trench air concentrations are provided in Table B-10 (total porosity of 0.5) and B-l 1
(total porosity of 025). Table B-12 presents the average of the trench-air concentrations for the
two total porosity values used in this evaluation. These average concentrations were then used as

i J the exposure-point concentrations for calculating potential worker inhalation risks.

REFERENCES

Bomberger, D.C., Gwinn, L., Mabey, W.R., Tus£, D., and Chou, T.W. 1983. Environmental
fate and transport at the terrestrial-atmospheric interface. In Swann, R.L. and Eschenroeder, A.
(eds.). Fate of Chemicals in the Environment. ACS Symposium Series 225. Washington, DC:
American Chemical Society. : . ;.' ~

Environmental Protection Agency (EPA). 1985. Compilation of Air Pollution Emission Factors.
Volume I: Stationary Point and Area Sources. AP-42.'. PB86-124096. Office of Air Quality
Planning land Standards. 7,

Environmental Protection Agency (EPA). 1986. Development of gfdvisorv levels for "
polychlorinated biphenvls (PCBs) cleanup. OHEA-E-187. Washington, DC: Office of Health
and Environmental Assessment. * '

Hayes,S.R. 1991. Use of an indoor air quality model (I AQM) to estimate indoor ozone levels.
J. Air Waste Manage. Assoc. 41:161-170.

Lugg, G.A. 1968. Diffusion coefficients of some organic and other vapors in air. Anal. Chem.
( \ 40(7):1072-1077.

' ' "



Lyman, W.J., Reehl, WJF., and Rosenblatt, D.H. 1982. Handbook̂  Chemical Property
Estimation Methods. New York: McGraw-Hill Book Company.• • - . . " - . - , • • ; • . : • • . . " • • -
Mackay, D. and Shiu, W.Y. 1931. A critical review of Henry's Law Constants for chemicals of
environmental interest J. Phys. Chem. Ref. Data 10(4):1175-1199.

f ' ' ; •• - • • '
Mackay, D., Shiu, W,Y., and Ma, K.C. 1992a. Illustrated Handbook of Physical-Chemical
Properties and Environmental Fate for Organic Chemicala. Vol. 2. Polvnuclear Aromatic
Hydrocarbons. Polvchlorinated Dioxins. and Dibenzofbrans. Boca Raton, FL: Lewis Publishers.

Mackay, D., Shiu, W.Y., and Ma, K.C. 1992b. Illustrated Handbook of Physical-Chemical
Properties and Environmental Fate for Organic Chemicals. Vol. 1. Monoaromatip . . >
Hydrocarbons. Chlorobenzenes. and PCBs. Boca Raton, FL: Lewis Publishers.

Sangster, J. 1989. Octanol-water partition coefficients of simple organic compounds. J. Phys,
Chem. Ref. Data 18(3):111M229.

Shen,T.T. 1982. Airquality assessment for land disposal of industrial wastes. Environ.
Manage. 6(4):297-305. -

Thibodeaux, L. J. 1979. Chcmodynamics: Environmental Movement of Chemicals in Air-
Water, aryl SojL New York John Wiley & Sons.

' , ' , • ~ • ' - • • • ' ' ' •'.•'' •Troxell, G.E., Davis, H.E., and Kelly, J.W. 1968. Composition and Properties of Concrete.
Second Edition. New York: McGraw-Hill Book Co. '

B-7 . . " •. . .

ARI05325



TABLE B-l
SUMMARY OF AIR DISPERSION MODELING INPUT PARAMETERS FOR
RF&P POTÔ UC YARDS CONSTRUCTION SITE DUST EMISSIONS

Fugitive Dust Mode! Inputs

Parameter

Dispersion Model

Base Elevation

Emission Flux Rate

Center Location of She

Meteorological Data

Modeled receptor grid

Input

Fugitive Dust Model

0 meters (0 feet)

1. 04E-4 g/square meter-second .

Located in Central Operations Area
(0,0)

1987,1988,1989,1990,1991
STAR data from National Airport

Discrete points on cartesian grid
Offsite Residents: 61 -meter spacing along the

fenceline and Jefferson-Davis Highway
Onsite Residents: 61 -meter spacing along the

fenceline and Slater's Lane
Onsite Workers: 61-meter spacing in the

specific area of construction

Data Source

USEPA Technology
Transfer Network

Potomac Yards Site

USEPA

Potomac Yards She
Determined using ETI map

NCDC

Potomac Yards Site
Determined using ETI map
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TABLE B-2
SUMMARY OP AIR DISPERSION MODELING INPUT PARAMETERS FOR
RF&P POTOMAC YARDS CONSTRUCTION SITE DUST EMISSIONS

Interim Construction Area Source Discriptions

Parameter

Total Area Developed (square feet)

Months of Development

Area of Soil Disturbed Per Month

Center of Site (feet)

Center of Area Source '(feet)

East-West Length of Area (feet)

North-South Length of Area (feet)

Area Source (a)
South Yard /Tail

900,000

15

60,000

(0,0)

(-350, -2100)

244.95

244.95

North Yard

2,080,000

13

160,000

(0,0)

(-50,2200)

400.00

400.00

North Tail
1 :

420,000

2

210,000

(0,0)

(-300,3700)

458.26

458.26

(a) Based on Potomac Yards Site Map drawn by ETI



LJ

TABLEB-3
SUMMARY OF AIR DISPERSION MODELING INPUT PARAMETERS FOR
RF&P POTOMAC YARDS CONSTRUCTION SITE DUST EMISSIONS

Future Area Source Discriptions

Parameter

Area Developed Per Year
(acres per year)

Area of Soil Disturbed Per Month (b)

Center of Site (feet)

Center of Area Source (feet)

East-West Length of Area (feet)

North-South Length of Area (feet)

Area Source (a) v , '
South Yard /Tail

8,
\ • "

2.67

(0,0)

(-600.-3300)

330

330

Central Operations

3

1.00

(0,0)

(0.-400)

- 200

200

North Yard
"i , ..

7

2.33

(0,0)

(0,1700)

305

305

North Tail

2

0.67

(0.0)

(-300,4600)

164

164

Slater's Lane

3

1.00

(0,0)

(500.-3000)

200 '

200

Potomac Greens

3

1.00

(0,0)

(SOO.-900)

200 -

200

(a) Based on Potomac yards Site Map drawn by ETI
(b) Area Developed Per Year was scaled by percent of earth moving activity per year to obtain Area of Soil Disturbed Per Month (25% or 3 months).
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Table B-4
interim Modeling Results from FDM
Maximum Concentrations (ug/m3)

Construction Area i
* . '

South Yard/South Tail
Jefferson Davis Highway

Slaters Lane . .
• OnSite Workers

North Yard
Jefferson Davis Highway

Slaters Lane
OnSite Workers

North Tail
Jefferson Davis Highway

Slaters Lane
OnSite Workers

Year of Meteorological Data
1987

20
7.1
510

20
1.8
860

-110
1,3
940

1983

-• ,
17
73
450

14
1.5
760

81
1.1
840

1989

;
19
6.0
460

17
1.5
750

96
1.1
820

1990

18
7.4
540

,
16
1.5
880

89
1.1
1000

1991

.

22
8J
570i . '

19
1.8
930

94
13
1000
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Tableb-S *
Future Modeling Results from FDM
Maximum Concentrations (ug/m3)

CONSTRUCTION AREA

South Yard/South Tail Area
Jefferson Davis Highway

Slaters Lane
OnShe Workers

Central Operations Area
Jefferson Davis Highway

Slaters Lane
OnSite Workers

North Yard Area
Jefferson Davis Highway

Slaters Lane '
OnSite Workers

North Tail Area
Jefferson Davis Highway

. Slaters Lane
OnSite Workers

Slaters Lane Area
Jefferson Davis Highway

Slaters Lane
OnSite Workers

Potomac Greens Area
Jefferson Davis Highway

Slaters Lane
v OnSite Workers

1 - " i

YEAR OF METEOROLOGICAL DATA
1987

41
29
720

4.3
2.3
470

•

9.8
13
710

8.5
0.13
170

:' ;

12
20
340

1.1
63
450

1988

34
. 30
630

32
2A

, 410

7.5
1.1
630

"6.3
0.11
160

,
1.0
19
330

'
0.79
5.1
400

1989

36
24
630

3.5
2.0
410

8.7
1.1
640
• •
7.8
0.11
140

12
19
290

•
0.90
5.7
400

1990

43
32
750

3.5
2.4
470

8.1
1.1
750

7.4
0.10
200

i ,
1.1
23
380

0.85
4.1
500

1991

43
31
770 ;'

3.5
2.9
500

93
13
770

8.8
0.13
200

13
23
410

1.0
4.9
510



TabIeB-6
Interim Modeling Results from FDM
Average Concentrations (ug/m3)

Construction Area

South Yard/South Tall
Jefferson Davis Highway

Slaters Lane
OnSite Workers

North Yard
Jefferson Davis Highway

Slaters Lane
OnSite Workers

North Tail
Jefferson Davis Highway

Slaters Lane
OnSite Workers

Year of Meteorological Data
1987

2.8
5.0
170

•
4.5
1.3
100

12
1.1
320

1988

.

23
4.8
150

3.4
1.0
89

,
9.4
0.83
270

1989

2.5
4.1
150

3.9
1.1
90

11
0.89
280

1990

.- . •
2.6
5.5
170

3.8
1.0
100

10
0.81
320

1991

2.7
5.8
180

4.0
12
no

11
1.0
330
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t Table B-7
Future Modeling Results from FDM
Average Concentrations (ug/m3)

CONSTRUCTION AREA

\
South Yard/South Tail Area
Jefferson Davis Highway

Slaters Lane
OnSite Workers

. Central Operations Area
Jefferson Davis Highway

Slaters Lane
OnSite Workers

North Yard Area
Jefferson Davis Highway

Slaters Lane ;
OnSite Workers

North Tall Area
Jefferson Davis Highway

Slaters Lane
OnSite Workers

Slaters Lane Area
Jefferson Davis Highway

Slaters Lane
OnSite Workers

Potomac Greens Area
Jefferson Davis Highway

Slaters Lane
OnSite Workers

YEAR OF METEOROLOGICAL DATA
1987

, 5.9
13
28

1.0
13

* 30

2.4
0.93
37

• '•' ' '- •
13

0.11
13

0.49
10
41

0.45
2.1
30

1988

5.0
12
24

1
0.81
12
26

1.9
0.72
32

1.0
0.08
11

038
9
35

0.34
1.7
26

1989

5.4
10
24

0.91
1.1
26
.

2.1
/ 0.78
32

12
0.09 .
11

0.43
9
35

0.40
1.9
27 .

1990

6.0
15
29

'•'- ,.'
0.89
1.1
30

2.0
0.70
37

1.2
0.08
13

0.45
11
40

039
1.4
30

1991

6.1
15
3°

0.93
1.4
31

;.
22
0.83
39

12
0.10
14

0.47
11
43

'
0.40
1.6
32

AHI05332
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TABLE B-I9

CK;ATlCON
TOTAL roROSITY - IJ* TOLUMI FRACTION AS AttSfACI-«S, VOLUME FltACnON AS rORIWATTH-t-n AND BULK DEWSrTY-LWt/«J

Chemical

INOKIH 1 AIU AKfc-V -,̂ -
hDodecane
hTetradecane
hOctadecane
hEfcosane
fephthalene
»-Xylen« ^
NORTH YARD AREA ~~ *-:•
hDodecane
hTetiadecane
hOctadecane
hElcosane
Naphthalene
>Xylene

Sol
Concentration
_ 4ftt(4
4.40E-06
9.65E-06
5.28&06
1.86E-06
9.7SE-06
I.63E-Q6

A.̂ f̂ts.̂ K'.w!,-:̂ '̂ ^
1.04E-06
2.29E-06
IO5E-06
4.40E-07

i 2.32E-06
3.S6E-07

Total
Material
Factor

3.70E-KJ2
6.0SE+04
6J4E-KJS
8.92E+IO
2.15E+03
5.03E+OI

•̂̂ ..̂ î sii.-̂.;....--;.
3.70E402
6.03E+04
6.34E+08
8.92E+10
2.15E+03
3.03E-KJI

CENTRAL OPERATIONS AREA -*&.&* .** i . :?•-. . =-•-•; r* - -̂ i* ̂
hDodecane
hTetradecane
hOctadecane
hEicosane
Naphthalene
>XyIene

t-Dodecane
hTetradecane
hOctadecant
hEicosane
Naphthalene
o-Xylene
SLATER'S LANE AREA
hDodecane
t-Tetradecant
hOctadecane
hEicosane
Naphthalene
vXylcne
POTOMAC GREENS AREA
hDodecane
hTetradecane
hOctadecane
hEicosane "
Naphthalene
>Xylene

6.36E-05
I.39E-04
7.63E-05
2.68E-05
1.4 IE-04
2.36E-05

L/AREA-'K-ii.̂ .-.;
1.53E-06
3.34E-06
1.83E-06
6.44E-07
339E-06
5.65&07 '

::;t-.ir..-|g;.'"V.r.(='-....-:̂

Z50E-06
5.48E-06
3.00&06
1.05E-06
S.SSE-06
0.25E-07

>.î -.,-e. -.-;,..;-::. •

4.04E-06
8.87E-06
485E-06
1.7 IE-06
899E-06
1.50E-06

3.70E+02
6.08E+04
634B+OS
8.92E+10
M5E+03
5.03E-K)!

3.70E+02
6.0SE+04
6.34E+08
S.92E+IO
2.15E+03
5.03E+OI

••i*-.,:,'*?"-?-- ,.••:-.•"

3.70E+02
6.08E404
6.34E+08
I.92E+10
2.I5E+03
5.038*01

-.,-.-.•,, /..r. 1=..̂ .

3.70E+02
6.08E+04
6.34E+OS
8.92E+10
2.15E+03
5.03E40I

SoIhGa*
ConctntratioB

(l/cra3)

2.40 E-08
3JIE-IO
1.68E-M
4J1E-I7

. 9.I8E-09
6.55E-08

;£*.i?;-'*w.*,.>:-#
5.6SE-09
7.59E-11
3.9SE-I5
9.97&U
ZI7&09
I.55E-08

J.'i..,.. fl-ss-i.̂ ;̂. ••;-,-

3.47&07
4.63E-09
2.43E-13
6.08E-J6
I.33E-07
9.46&07

8.32E-09
1.11E-10
5.83E-15
1.46E-I7
3.I8&09
2.27&CS

'•• .,-,=•' !> :-' ,;

1.36E-OI
1.82E-10
9.55E-IS
2.39E-1T
5.21E-09
3.7 IE-08

2.20E-OS
2.94E-10
I.55E-I4
3.87E-17
8.43E-09
601E-08

Effective
Difftulvlty
(cm2/«c)

2.90E-03
2.6SE-03-
2.37E-03
2̂ 5E-03
3.44E-03
4.I8E4>3

•-,.:;.;.. j-.-..,.-,.̂ -!-

Z90E4»3
2.6SE-03
2J7E-03
Z25E-03
3.44E-03
4.18E-03

Beta
(cm2/sec)

2.19E-06
U4E-08
1.05E-I2
7.07E-15
4,50E-07
2J7E-05

:.,:v.̂ :-!'.:-r̂ -±Vi.̂ .:-S
2.19E-06

• U4E-OS
t.OSE-12
7.07B-15
4̂ 0Ê 7

, 2J7E-OS
;'-i. .;;:•;.:•,;::;:: T f̂ "*.̂  v| '-,«:v-| : ̂  .̂. "--.̂ j-

XB90E-03
2.63E-03
2J7t03
2.25E-03
3.44E-03
4.18E-03

2.90E-03
2.68E-03
2.37E-03
2̂ 5E-03
3.44E-03
4.I8E-03

i ,= ,-.='= • •-••:.-

2.90E-03
2.68E-03
2.37E-03
2.25E-03
3.44E-03
4.18Ê )3

-. : ' - . - . . - ! •-.£

2.90E-03
2.68E-03
2.37E-03
2.25E-03
3.44E-03 ,
4.18E-03

XI9E-06
I.24E-OI
1.05E-12
7.07E-1S
4.50E-07
2.37E-OS

2.19E-06
IJ4E-08
I.05E-12
7.07E-I5
4.50E-07
2.37&05

>Uvr-1 -^ .. •':-.,:.

2J9E-06
1.24E-08
1.05E-12
7.07E-IS
4.30E-07
2.37&03

•.'. '-.,,- i...-.'... ,.;,:

2.19E-06
1.24&08
I.05E-12
7.07E-I5
4.50E-07
137E-05

Flm
. Rate
(B/cm2-«c)

•.74E-I1
1.44E-11
7.26E-14
2.10E-15
8.76E-I1
I.04E-10

"• --.•&*•• j?,̂  •&-:--
2.07E-1 1
3.4 IE-1 2
1.72E-14
4.97E-16
2.07E-1I
2.47E-1I

!=r̂ L!-'ii-j. iv:,,̂  .,=•-; '•:,

1.26E-09
2.08E-10
1.05E-I2
3.03E-14
I.27E-09
I.51E-09

3.03E-1V
4.99E-I2
2.S2E-14 '
7.2SE-16
3.04E-U
3.62E-M

. ,.-,:,. ,,¥.~. *-.,..*.

4.96E-1 1
8.17E-I2
4.12E-I4
1.19E-15
4.97E-II
3.93E-1I '

• • ..... - • :. ..

8.03E-II
1.32E-1I
6.67E-14
1.93E-I5
104E-1I
9.60E-H

Trench-Air
Concentration*
tym3)(b)

1,6 IE-03
2.66E-04
1.6SE-08
411E-1I
1.62E-03
1.93E-03

,1-™=:..r.!--.;":.;- --- -
3.82E-04
6.30E-05
3.98E-09
9.97E-I2
3.83&04
4.57B-04

-,: ». .,.- . ' ̂  :,,.,_ ...J

2.33E-02
3.84E-03
2.43E-07
6.08E-JO
2.33E4)2
2.79E-02

5.59E-04
9.2 IE-05
5.83E-09
1.46E-I1
3.60E-04
6.68E-04

. s !-...- ---. - '... •!.,!

9.I6E-04
1.5 IE-04
9.5SE09
2.39E-1 1
9.17Ê >4
I.09E-03

I.43E-03
2.44E-04
1.55E-08
3.87E-U
I.48E-03
I.77E43

(a) Derived from soil TPH concentrations based upon consideration of composition of diesel fuel. Central tendency soil TPH concentrations modified
by the following fractions to take into account the presence of heavy lubricating oils in certain areas: North Yard 0.20; South Yard/South Tall, 0.10;
Slaters Lane, 0.13; and Potomac Greens, 0.50. See text for discussion. .

(b) In cases where the trench air concentration, based on the flux rate and air dispersion model, would exceed the soil-gas concentration, the trench.
air concentration was set equal to the soil-gas concentration. This only happened forn-Octadecane and n-Eicosane.
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' • . - ' ' - ' '., • ̂  ' TABLE B-I1 ; ; . " " - • " ' " ^

DETERMINATION OF TPH SURROGATE CONCENTRATIONS IN TRENCH AIR
TOTAL rOROSTIV - IklS, VOLUME FRACTION AS AIR SPACE - «.IM. VOUIhtt FACTION AS rOR£WATTH-».t25 AND BULKDCNSrrY-4»'emi

Chemical

NOKIHI AIL AKt,A , /^
n-Dodecane
n-Tetradecane
hOctadecane
hEicosane
Naphthalene
j-Xylene
NORTH YARD AREA
hDodecane ..
hTetradecane
hOctadecane
hEicosane . .
Naphthalene
>Xylene
CENTRAL OPERATIONS
n-Dodecane
hTetradecane
i-Octadecane
hEicosane
Naphthalene
o-Xylene
SOUTH YARD/SOUTH TA
n-Dodecane
i-Tetradecane
i-Octadecane
i-Eicosane
Naphthalene ' /
>Xylene
SLATER'S LANE AREA •-
i-Dodecane
i-Tetradecane
i-Octadecane
t-Ekosane
Naphthalene
aOCylene
POTOMAC GREENS ARE/
i-Dodecane
i-Tetradecane.
hOctadecane
hEicosane
Naphthalene
hXylene .

Soil
Concentration
(«*)(•>

fsr̂ ;-&;.?t̂ -'̂ '~:̂
4.40E-06
9.65E-06
3.28E-06
1.86E-06
9.78&06
I.63E-06

•̂--̂ r:;̂ -̂-'-̂
1.04E-06
129E-06
I.2SE46
4.40E-07
2.32E-06
3.86&07

JlEA'î ^̂ r̂
6.36E-05
IJ9E-04
7.63E-05
2.68E-05
I.4IEXM
2.36E-05

LARBA^ *•=•:•
I.53E-06
3.34E-06
1.83&06
6.44E-07
3J9E-06
5.65Ê)7

•,;•• ••;.* .. ;; :!":-. ' 't !•;• : ;> '

2.50E-06
5.4SE-06
3.00E-06
1.03E-06
5.55E-06
925E-07

.̂:.vi:-: :.-.:.-.;•
. 4.04E-06

1Y7E-06
4.85E-06
1.7IE-06
8.99E-06
1.50E-06

Total
> Material
' Factor

r «„.;=. .i=,,w-'S. - ̂ ..;-

7.33E+02
< 1JOE405
I.26E409
1.77E+I1
4.24E+03
9.77E+01

*-'.-!iiS*i*S-;--=-:!?ijB̂ .'

7.33E+02
1JOE+05
1.26E+09
I.77E+II
4̂ 4E+03
9.77E+OI

•••-:™:%*:̂ ,-?..̂ -;i!r
7.33E+02
l̂ OE+03
1̂ 6E+09
I.77E+11
4J4E+03
9.77EH)']

=,-• - Ah-..::-='..- •-;•':••>...-

7J3E-KJ2
UOE+05
IJ6E+09
I.77E+1I
4̂ 4E-H)3
9.77E+01

7J3E+02
1.20E+05
I56E-K)9 '
1.77E-HI
4J4E-K>3
9.77E+OI

-K '.. -.- ' '•- - '

7J3E+02
l̂ OE+05
1̂ 6E409
I.77E+II
4i4E-K)3
9.77E+OI

' Soil-Gas
Concentration

fefcm3)
I*.-, • •.. :.- ,»-••:,--•" '
2.40E-08
3-2IE-IO
I.68&14
4.2 IE- 17
9.22E-09
667E-08

,6=;;i~>::.--̂ .;.:.l::iWB<.̂ v

5.69E-09
7.59E-I1
3.9SE-I5
9.97E-18
2.I8E-09
1.58EX»S

.,.,.,_; | ;,-, -,,.., .,,, ,

3,47Ê)7
4.63E-09
2.43E-13
6.08E-16
1.33E-07
9.«4E-07

,",; ••••,-• •-.. -•• :.".•
8J2&09
1.1IE-10
5.83E-I3
I.46E-I7
3 JOE-09
2.31E-08

IJ6E-08
1.82E-IO
9.55E-I5
2J9E-17
5.23E-09
3.79E-08

2.21E-08
2.94E-IO
1.55E-I4
3J7E-I7 ,
8.47E-09
6.13E-08

Effective
Dinustvity
(on2/sec)

^•-•••- ; \:.~* .>-«-» v
7.88E-04
7JOE-04..
6.45E-04
6.I3E-04
9.34E-04
I.14EXJ3

isv-r?:y1.i-f-;:i;s:-
7.88E-04
7.30E-04
6.45E-04
6.13E-04
9J4E-04
1.I4E-03

-: :̂ Ĵ '̂ ;,A
7.88E-04
7.30&04
6.45E-04
6.13E-04
9.34E-04
1.I4E-03

;-;::. . •<:-=•-.= .-(•;•; .

7.88E-04
7 JOE-04
6.45E-04
6.I3E-04
'9.34E4M
1.14E-03

v;s. • .-:-..•• - -.

7.88E-04
7JOE-04
6.45E-04
6I3E-04
9.34E-04
I.I4E-03

: -., , •-.,

7.8SE-04
7.30̂04
6.45E-04
6.I3E-04
9.34E-04
I.14E-03

-f"?t "̂(cm2Vs«)
P̂M̂ ..,.̂ ,-,̂ -;̂ ::- •..•: ̂

I.34E-07
7.57E-10
6.42E-14
4.34E-I6
2.76E-08
I.46E-06

n»-.:.5;i= :.v*̂  I'fe'-Kic'-S'i-;-?;

1.34E-07
, 7.57E-IO
6.42E-14
4.34E-16
2.76E4W ,
1.46E-06

-̂-•.J.-̂ f̂̂ :,; •!•--•:
IJJ4E-07
7.57E-IO
6.42E-I4
4.34E-16
2.76E-OS
I.46E-06

,--.=*--••. ~-ŝ -»=:,r!-L-:=- •--=--',

I.34E-07
7.57E-10
6.42E-14
4.34E-I6
2.76E-08
1.46E-06

!.-;.-.;... I/-::..:}.. ;.....;. •.'

I.34E-07
7.57E-10
6.42E-I4
4;34E.|6
2.76E-OS
I46E-06

--:-,. •- - :- Y:'-, .. ...

J.34E-07
7.57E-10
6.42E-I4
4J4E-16
2.76E-08
I.46E-06

Flux
Rate

(g/cm2-sec)
,-&<̂ -i*u?*s- ----•-,-••• --.
4.29E-U
7.06E-I2
3.56E-I4
1.03E-I5
4.31E-U
52IE-I1

^̂ ,=-,;t«,=... .-..-;; ,; ; ,.;v :

I.02E-1I
1.67E-12
8.43E-I5
2.44E-16
1.02E-1I
1̂ 3E-11

,s;;'i '..*...,. ;. j.. ........

6.20E-10
I.02E-10
5.I4E-I3
I.49E-14
613E-IO
7.53E-10

-*,=r ...: -..,'-.- •

1.49E-11
2.45E-12
I.23E-I4
3.57E-16
I.49E-1I
I81E-1I

>!?.-! -•:--;/••:•-.

2.43E-II
4.0 IE-1 2
2.02E-I4
5.84E-16
245E-II
2.96E-II

•.,;--:•--'- -
3.94E-1 1
6.49E-12
3̂ 7E-I4
9.46E-16
3.96E-II
4.79E-n -

Trench-Air
Concentrations
(grm3)(b)

-.».; -, -.•..... . .- , . #
7.92E-04
130Ê 4
I.68E-08
4.21E-1I
7.96E-04
9.61E-04

- - • = :,:. .„'. - . .. -..!

I.87E-04
3.09E-05
3.98E-09
9.97E-12
1,8SÊ 4
2.28E-04

I.14E-02
I.88E-03
2.43E-07
6.08E-10
L1SE-02
1J9E-02

2.74E-04
4.52E-05
5.83E-09
I.46E-II
2.76E-04
3.33E-04

4.49E-04
7.40E-05
9J5E-09
2.39E-1I
4.S2E-04
5.46E-04 ,

7.27E-04 .
l̂ OE-04
I.55E-08
3.87E-II
7JJ1E-04
8.83E-04

(a) Derived from soil TPH concentrations based upon consideration of composition of diesel fuel. Central tendency soil TPH concentrations modified
by the following fractions to take tnto account the presence of heavy lubricating oils in certain areas: North Yard 0.20; South Yard/South Tail, 0.10;
Slaters Lane, O.I3; and Potomac Greens. 0.50. See text for discussion. ' •

(b) In cases where the trench air concentration, based on the flux rale and air dispersion model, would exceed the soil-gas concentration, the trench
air concentration was set equal to the soil-gas concentration, lliis only happened for n-Octadecane and n-Eicosane.
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TABLE B-12
TRENCH AIR CONCENTRATIONS

t

Chemical

ÔRJÛ AU*.AKfiAi;--.-̂ --.î ît̂ ,-̂ ^
n-Dodecane .
n-Tetradccane
i-Octadecane
v-Eicosane s
Naphthalene . * •
o-Xylene '
NORTH YARD AREA : j -^ -4
i-Dodecane
i-Tetradecane
n-Octadecane
n-Eicosane
Naphthalene'
o-Xylene
CENTRAL OPERATIONS AREA X
n-Dodecane
n-Tetradecane.
n-Octadecane
n-Eicosane
Naphthalene
o-Xylene
SOUTH YARD/SOUTH TAIL AREA
i-Dodecane
i-Tetradecane •
i-Octadecane
i-Eicosahe
Naphthalene .
o-Xylene
SLATER'S LANE AREA
n-Dodecane
i-Tetradecane (
n-Octadecane
n-Eicosane
Naphthalene
o-Xylene
DfYTfUVt A *^ *~*T>l?«?MC A D P AJrUlVJIVlAI^ OKJiiiUNa AKJbA
n-Dodecane
n-Tetradecane
n-Octadecane
n-Eicosane
Naphthalene
o-Xylene ,

Average
Trench-Air

Concentrations
. (g/m3)

$-s:.tfc---£i-j&*g$-j£-.l-?

UOE-03
1.98E-04
1.6SE-68
4.21E-11
1.21E-03
1.44Ê)3

;̂̂ :-f̂ ;̂-K:'̂
2.85E-04
4.69E-05
3.98E-09
9.97E-12
2.86E-04
3.42E-04

:-•• • .-;-,. >.irtT̂ ..>V
1.74E-02
2.86E-03
2.43E-07
6.08E-10
1.74E-02
2.09E-02

••-•-r--"-'̂ .̂
4.17E-04
6.87E-05
5.83E-09
1.46E-11
4.18E-04
5.0 IE-04

• .: •' •'•' v"'
6.82E-04

x I.12E-04
9!55E-09
2.39E-11
6.S4E-04
8.20E-04

• . "*-.'-:: ';

1.10E-03
I.82E-04
L5SE-08
3.87E-11
1.11E-03
1.33E-03
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APPENDIX C

HEALTH EFFECTS DESCRIPTIONS FOR
CHEMICALS OF POTENTIAL CONCERN
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LIST OF CHEMICALS

I. ANTIMONY

2. ARSENIC

3. CADMIUM

4. CHLORDANE

5, DIELDRIN

6. FLUORENE
' " • . • i '

7. MERCURIC CHLORIDE

8. MERCURY, ELEMENTAL"'•• ~" .
9. NONANE

.

10. THALLIUM(I)SULFATE

11.- TOLUENE
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ANTIMONY



ANTIMONY - IRIS

i -mis
NAME OF SUBSTANCE Antimony
CAS REGISTRY NUMBER 7440-36-0
IRIS NUMBER 5 .
LAST REVISION DATE 920120
UPDATE HISTORY 01/20/92, 52 fields
IRIS STATUS Oral RfD Assessment (RDO) on-line 02/01/91
IRIS STATUS Inhalation RfC Assessment (RDI) no data
IRIS STATUS Carcinogenicity Assessment (CAR) no data
IRIS STATUS Drinking Water Health Advisories (DWHA) no data
IRIS STATUS U.S. EPA Regulatory Actions (EXSR) on-line

01/01/92 -
IRIS REVISION HISTORY 08/01/89 RDO Gross et al. (1955) citation

clarified
IRIS REVISION HISTORY 08/01/89 REFS Bibliography on-line
IRIS REVISION HISTORY 02/01/91 RDO Conversion factor revised
IRIS REVISION HISTORY 02/01/91 RDO Text added
IRIS REVISION HISTORY 02/01/91 RDO Paragraph 2 added
IRIS REVISION HISTORY 02/01/91 OREF Dunn, 1928 and Monier-Williams, 1934

. added . , . • • '
IRIS REVISION HISTORY 01/01/92 RDO Primary contact changed
IRIS REVISION HISTORY 01/01/92 EXSR Regulatory actions updated
RECORD LENGTH 13562
SYNONYMS Antimony
SYNONYMS ANTIMONY BLACK
SYNONYMS ANTIMPNY POWDER
SYNONYMS ANTIMONY, REGULUS
SYNONYMS ANTYMON
SYNONYMS C.L 77050
SYNONYMS STIBIUM
SYNONYMS UN 2871
MOLECULAR FORMULA NODATA \ •.
MAJOR USES NO DAJA
COLOR/FORM NODATA
ODOR NODATA
BOILING POINT - NO DATA
MELTING POINT NODATA
MOLECULAR WEIGHT NODATA
DENSITY/SPECIFIC GRAVITY NO DATA
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VAPOR PRESSURE NO DATA
VAPOR DENSITY NO DATA
RELATIVE EVAPORATION RATE NO DATA
SOLUBILITY IN WATER NO DATA
FLASH POINT NO DATA
FLAMMABLE LIMITS NODATA
CONDITIONS & MATERIALS TO NODATA
AVOID
DECOMPOSITION NODATA

DOSE FOR ORAL EXPOSURE
o ORAL RFD SUMMARY :

Critical Effect Experimental Doses* UF MF RfD

Longevity, blood NOEL: none 1000 1 4E-4
glucose, and cho- mg/kg/day

LOAEL: 0.35 mg/kg bw/day

Rat Chronic Oral
Bioassay

Schroeder et al., 1970

'"Conversion Factors: 5 mg/L (5 ppm) given as 0.350 mg/kg/day in the
discussion section of the critical study

o ORAL RFD STUDIES :

Schroeder, H.A., M. Mitchner and A.P. Nasor. 1970. Zirconium, niobium,
antimony, vanadium and lead in rats: Life term studies. J. Nutrition. 100:
59-66.

y
An experimental group of SO male and 50 female rats was administered S

ppm potassium antimony tartrate in water. Over the period of study, growth
rates of treated animals were not affected, but male rats survived 106 and
females 107 fewer days than did controls at median lifespans. Nonfasting
blood glucose levels were decreased in treated males, and cholesterol levels
were altered in both sexes. Since there was only one level of antimony admin-
istered, a NOEL was not established in this study. A decrease in mean heart
weight for the males was noted. No increase in tumors was seen as a result of
treatment Although not precisely stated, the concentration of 5 ppm antimony
was expressed as an exposure of 0.35 mg/kg/day by the authors. .

o ORAL RFD UNCERTAINTY :



UF = 1000. An uncertainty factor of 1000 (10 for interspecies conversion,
10 to protect sensitive individuals, and 10 because the effect level was a
LOAEL and no NOEL was established) was applied to the LOAEL of 0.35 mg/kg
bw/day.

o ORAL RFD MODIFYING FACTOR:

MF=1

o ORAL RFD COMMENTS :

In a similar study (Kanisawa and Schroeder, 1969), groups of CD-1 mice
(54/sex) were given potassium antimony tartrate in drinking water at 0 or 5
mg/L (5 ppm) for 540 days (18 months). Lifespans were significantly reduced
in both males and females, but the degree of antimony toxicity was less severe
in mice than rats. Bradley and Fredrick (1941) and Browning (1969) reported
disturbances in glucose and cholesterol metabolism in rats ingesting 5 mg/L
antimony, but no signs of injury to the heart were observed in rats receiving
doses up to 100 mg/kg/day. Substantially higher doses of antimony trioxide
were tolerated by rats in studies by Sunagawa (1981) and Cross et al.
(1955a,b), suggesting a NOAEL of 500 mg/kg, but these studies are of
inadequate duration to assess adverse effects on toxicity.

Seventy people became acutely ill after drinking lemonade containing
0.013% antimony (Dunn, 1928 and Monier-Williams, 1934). The lemonade had been
prepared and left overnight in buckets coated with an enamel containing 2.88%
antimony trioxide. Fifty-six people were taken to the hospital with burning
stomach pains, colic, nausea and vomiting. Most recovered within 3 hours, but
in some cases recovery was not complete for several days. It is estimated
that a person consuming 300 mL of lemonade would have received a dose of
approximately 36 mg antimony, or approximately 0.5 mg/kg for a 70-kg adult.

According to U.S. EPA (1980), multimedia antimony exposures are
essentially negligible by comparison to occupational exposures at which
discrete clinical health effects have been observed. Myocardial effects are
among die best-characterized human health effects associated with antimony
exposure. Studies by Brieger et al. (1954) suggest an inhalation NOEL for
myocardial damage to be approximately 0.5 mg/cu.m. This exposure is
approximately equivalent to an oral reference dose of 0.003 mg/kg bw/day
(i.e., 0.5 rag/cu.m x 10 cu.m/day x 0.5 / LO x 5 days/7 days / 70 kg / 10).
Parallel studies in rats and rabbits resulted in observation of EKG
alterations following exposure to 3.1-5.6 mg/cu.m. There are, however, no.
adequate data on oral exposure to antimony which permit reasonable estimate of
no effect levels regarding heart damage. ' ,

One study (Belyaeva, 1967) indicated that women workers exposed in an ,
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antimony plant experienced a greater incidence of spontaneous abortions than
did a control group of nonexposed working women. A high rate of premature
deliveries among women workers in antimony smelting and processing was also
observed (Aiello, 1955).

o ORAL RED CONFIDENCE :

Study: Low
Data Base: Low
RfD: Low

' " ' i .
Confidence in the chosen study is rated as low because only one species

was used, only one dose level was used, no NOEL was determined, and gross
pathology and histopathology were not well described Confidence in the data
base is low due to lack of adequate oral exposure investigations. Low
confidence in the RfD follows. ,

o ORAL RFD SOURCE DOCUMENT :

U.S. EPA. 1980. Ambient Water Quality Criteria Document for Antimony.
Prepared by the Office of Health and Environmental Assessment, Environmental
Criteria and Assessment Office, Cincinnati, OH for the Office of Water
Regulations and Standards, Washington, DC. EPA-440/5-80-020. NTTS PB Si-
117319.

Hie ADI in the 1980 Ambient Water Quality Criteria Document was extensively
reviewed by the. Agency and was reviewed by the public.

U.S. EPA. 1985. Health and Environmental Effects Profile for Antimony
Oxides. Prepared by the Office of Health and Environmental Assessment,
Environmental Criteria and Assessment Office, Cincinnati, QH for the Office of
Solid Waste and Emergency Response, Washington, DC.

Limited peer review and extensive Agency-wide review, 1985.

o REVIEW DATES : 11/06/85
o VERIFICATION DATE : 11/06/85
o EPA CONTACTS :

Ĥ rlal Choudhury /ORD - (513)569-7553 / FTS 684-7553

Michael L. Dourson/ORD - (513)569,7544/FTS 684-7544



DOSE FOR NODATA
INHALATION EXPOSURE
EVIDENCE FOR HUMAN NO DATA
CARCINOGENICrrY
ORAL EXPOSURE NO DATA
CARCINOGENICrrY ASSESSME
INHALATION EXPOSURE NODATA
CARCINOGENICITY ASSESSME
CARCINOGENICrrY NODATA
ASSESSMENT DOCUMENTATION

————— T—rrf !••••• ̂ Jtmtmmmm mmm+mmmmm mmm m m .-Mmmmmmmmmmmm mmm mmmmmtim n • • i mum

ONE-DAY HEALTH ADVISORY NODATA
J-DAY HEALTH ADVISORY NO DATA

LONGER-TERM CHILD HEALTH ADVNO DATA
• • ' " v , • . .,

LONGER-TERM ADULT HEALTH ADVNO DATA

ORGANOLEPTIC PROPERTIES NO DATA

DRINKING WATER TREATMENT NO DATA

HEALTH ADVISORY NODATA
DOCUMENTATION AND REVIEW

ACUTE HEALTH HAZARDS NODATA
BIOCONCENTRATION FACTORS NODATA
IN AQUATIC SPECIES

CLEAN AIR ACT REQUIREMENTS NODATA

AMBIENT WATER QUALITY CRITERIA FOR HUMANS

Water and Fish Consumption: 1.46E+2ug/L

Fish Consumption Only: 4.5E+4 ug/L

Considers technological or economic feasibility? — NO

ii i '• Discussion —. The WQC of 1.46E+2 ug/L is based on consumption of contaminated
•̂ T-' • : • • , . ,



aquatic organisms and water. A WQC of 4.5E+4 ug/L has also been established
based. • • , , . ' - • ' . • / • • - ' . ' . " "
on consumption of contaminated aquatic organisms alone.

1 ' • ' • • ' ' • •
Reference- 45FR79315 (11/28/80)

EPA Contact - Criteria and Standards Division / OWRS
(202)260-1315 / FTS 260-1315

AMBIENT WATER QUALITY CRITERIA FOR AQUATIC ORGANISMS
. - • . v •

Freshwater

Acute- 3.8E+1 ug/L
Chronic- 3.0E+1 ug/L

Marine:

Acute - 1.5E+3 ug/L
Chronic- 5.0E+2 ug/L

Considers technological or economic feasibility? — NO

Discussion — Criteria were derived from a minimum data base consisting of
acute and chronic tests on a variety of species. Requirements and methods are
covered in the reference to the Federal Register. The proposed values are
based tin studies of antimony (HI).

Reference - 55 FR 19986 (05/14/89)

EPA Contact - Criteria and Standards Division / OWRS
(202)260-1315 / FTS 260-1315

Value - 0.003 mg/L (Proposed, 1990)
- , - • • • ' . < -

Considers technological or economic feasibility? -- NO

Discussion — EPA is proposing to regulate antimony based on its potential ,
adverse effects (decreased longevity andaltered blood cholesterol and '\_J
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glucose) reported in a lifetime oral exposure study in cats. TheMCLGis
based upon a DWEL of 0.015 rag/L and an assumed drinking water contribution
of 20 percent . ••'..'

' • • ' • • ' ' . ' . ' • '-' ' •- - - , -
Reference- 55FR 30370(07/25/90)

EPA Contact - Health and Ecological Criteria Division / OST /
(202) 260*7571/FTS 260-7571; or Safe Drinking Water Hotline 7(800)426-4791

MAXIMUM CONTAMINANT LEVEL

Value-0.01 mg/L (Proposed, 1990)
" " ' • ' " . ' . ' i

Considers technological or economic feasibility? - YES

Discussion — EPA proposes an MCL of 0.01 mg/L based upon a PQL of lOx the
MDL. EPA also proposes as an alternative option an MCL of 0.005 based on a
PQLofSxtheMDL.

Monitoring requirements - Ground water systems every 3 years; surface water
systems annually; will allow monitoring at up to 10-year intervals after the
system completes 3 rounds of sampling at <50% of the MCL.

•j i' . . ' • • i •
Analytical methodology - Atomic absorption/furnace technique (EPA 2042; SM
304); ICP mass spectrometry (EPA 200.8); hydride-atomic absorption spectro-
metry (ASTM D-3697): PQL= 0.01 / 0.005 mg/L.

Best available technology — Coagulation/filtration; reverse osmosis.

Reference - 55 FR 30370 (07/25/90)
i' • '.

EPA Contact - Drinking Water Standards Division / OGWDW /
(202) 260-7575 / FTS 260-7575; or Safe Drinking Water Hotline / (800) 4&-4791

_IV.B.3. SECONDARY MAXIMUM CONTAMINANT LEVEL (SMCL) for Drinking Water

i
No data available

• ' ' - . \ • . J • . ' - . • '
JV.B.4. REQUIRED MONITORING OF "UNREGULATED" CONTAMINANTS
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Status - Listed (Final, 1991)

Discussion - "Unregulated" contaminants are those contaminants for which
£PA establishes a monitoring requirement but which do hot have an associated
final MCLG, MCL, or treatment technique. EPA may regulate these contaminants
in the future. .

Monitoring requirement — All systems to be monitored unless a vulnerability
assessment determines the system is not vulnerable.

Analytical methodology - Atomic absorption/furnace technique (EPA 502.2;, SM
304); inductively coupled plasma (EPA 200.8).

Reference- 56 FR 3526 (01/30/91)

EPA Contact - Drinking Water Standards Division / OGWDW/
(202) 260-7575 / FTS 260-7575; or Safe Drinking Water Hotline / (800) 426-4791

FIFRA SPECIAL REVIEW NODATA

REPORTABLE QUANTITIES

Value (status) - 5000 Ibs (Finak 1986)

Considers technological or economic feasibility? - NO

Discussion - No data have been found to permit die ranking of this hazardous
. substance. The available data for acute hazards may lie above the upper limit
for the 5000-pound RQ, but since it is a designated hazardous substance, the
largest assignable RQ is 5000 pounds. This chemical is currently being
assessed for chronic toxicity and is subject to change in future rulemaking.

Reference - 51 FR 34534 (09/29/86); 54 FR 33418 (08/14/89)• - ( • - - - x _ • • .

EPA Contact- RCRA/Superfund Hotline
(800)424-9346 / (202)260-3000 / FTS 260-3000

SECONDARY MAXIMUM CONTAMINANNO DATA
__]_JJ'T _________________________,.____i«-________________^Jn-'-__TT__________«.—————————————————._____________________ >- *

FIFRA REGISTRATION STANDARD NO DATA :.-A



TITLE HI LISTING NODATA

RCRA REQUIREMENTS

Status — Listed .

Reference - 52 FR 25942 (07/09/87)

EPA Contact- RCRA/Superfund Hotline
(800)424-9346 / (202)260-3000 / FTS 260-3000

TOXIC SUBSTANCES CONTROL ACT REQUIREMENTS

No data available .

ORAL REFERENCE DOSE Aiello, G. 1955. Pathology of antimony. Folia Med.
REFERENCES (Naples). 38: 100. (Ital.) ,
ORAL REFERENCE DOSE Belyaeva, AJ*. 1967. The effect of antimony on
REFERENCES reproduction. Gig. Truda Prof. Zabol. 11: 32. '
QRAL REFERENCE DOSE Bradley, W.R. and W.G. Frederick. 1941. The
REFERENCES ' toxicity of antimony-animal studies. Ind. Med. 10

Ind. Hyg. Sec. 2: 15-22.
ORAL REFERENCE DOSE Brieger, H., CW/Semisch, HI, J. Stasney and
REFERENCES DA. Platnek. 1954. Industrial antimony poisoning.

._. Ind. Med. Surg. 23: 521.
ORAL REFERENCE DOSE Browning, E. 1969. Antimony. In: Toxicity of
REFERENCES Industrial Metals, 2nd ed. Appleton-Centilry-Cradft,

New York. p. 23-38..
ORAL REFERENCE DOSE Dunn, J.T. 1928. A curious case of antimony
REFERENCES poisoning. Analyst. 53: 532-533.
ORAL REFERENCE DOSE Gross, P., J.H.V. Brown, Mi. Westrick, R.P.Srsic,
REFERENCES N.L. Butler and T.F. Hatch. 1955a. A lexicological

study of calcium halophosphate phospher and ;
antimony trioxide. I. Acute and chronic toxicity
and some pharmacological aspects. Arch. Ind.
Health. 11: 473-479.

ORAL REFERENCE DOSE Gross, P., Mi-. Westrick, J.H.V. Brown, R.P.
REFERENCES Srsic, HJI. Schrcnk and TP. Hatch. 1955b.

Toxicologic study of calcium halophosphate

AR105350



phosphors and antimony trioxide. n. Pulmonary
studies. Arch. Ini Health. 11: 479-486.
DOSE Kanisawa, M. and HA. Schroeder. 1969. Life term

studies on the effect of trace elements on
spontaneous tumor in mice and rats. Cancer Res.

__ 29:892-895.
ORAL REFERENCE DOSE Monier-Wiffiams, G.W. 1934. Antimony in enamelled
REFERENCES hollow-ware. Report on Public Health and Medical

Subjects, No. 73, Ministry of Health, London, p.
1 18. (Qted in U.S. EPA, 1985)

ORAL REFERENCE DOSE Schroeder, HJL, M. Mitchner and A.P. Nasor. 1970.
REFERENCES Zirconium, niobium, antimony, vanadium and lead in

__ rats: Life term studies. J. Nutr. 100(1): 59-68.
ORAL REFERENCE DOSE Sunagawa, S. 1981. Experimental studies on
REFERENCES antimony poisoning. Igaku Kenkyu. 51(3): 129-142.

•'" (Jap.) (CA 096/080942D)
ORAL REFERENCE DOSE U.S. EPA. 1980. Ambient Water Quality Criteria
REFERENCES Document for Antimony. Prepared by the Office of

Health and Environmental Assessment, Environmental
Criteria and Assessment Office, Cincinnati, OH for
the Office of Air Quality Planning and Standards,
Washington, DC. EPA 440/5r80-020.

ORAL REFERENCE DOSE U.S. EPA. 1985. Health and Environmental Effects
REFERENCES Profile for Antimony Oxides. Prepared by the

Office of Health and Environmental Assessment,
Environmental Criteria and Assessment, Cincinnati,
OH for the Office of Solid Waste and Emergency

- Response, Washington, DC.
INHALATION REFERENCE DOSE None

CARONOGENICITY

HEALTH ADVISORY
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Arsenic
mis
811195i -IRIS • -. •.. ;.' .-. ... .•••• .. • • ' ; • '

NAME OF SUBSTANCE Arsenic, inorganic
CAS REGISTRY NUMBER 7440-38-2
IRISNUMBER 272
LAST REVISION DATE 950703
UPDATEfflSTORY 07/03/95,2 fields
IRIS STATUS Oral RfD Assessment (RDO) on-line 02/01/93
IRIS STATUS Inhalation RfC Assessment (RDI) no data
IRIS STATUS Cartinogenicity Assessment (CAR) on-line 07/01/95
IRIS STATUS Drinking Water Health Advisories (DWHA) no data
IRIS STATUS U.S. EPA Regulatory Actions (EXSR) on-line

01/01/92
IRIS REVISION HISTORY.' 06/30/88 CARO Revised last paragraph
IRIS REVISION HISTORY , 06/30/88 CARI Inhalation slope factor changed
IRIS REVISION HISTORY 06/30/88 CARI Paragraph 2 added
IRIS REVISION HISTORY 09/07/88 CARO Major text changes
IRIS REVISION HISTORY 12/01/88 CAREV Mabuchi et al. citation year

corrected . ,
IRIS REVISION HISTORY 12/01/88 CAREV Pershagen et al. citation year

corrected • •.
IRIS REVISION HISTORY 09/01/89 CAR! Citations added to anacondor smelter
IRIS REVISION HISTORY 09/01/89 REFS Bibliography on-line
IRIS REVISION HISTORY 06/01/90 CAREV 2nd & 3rd paragraph - Text revised
IRIS REVISION.fflSTORY 06/01/90 CAREV Text corrected
IRIS REVISION HISTORY 06/01/90 CARI Inhalation slope factor removed

(format change)
IRIS REVISION HISTORY 06701/90 RCRA EPA contact changed
IRIS REVISION HISTORY 06/01/90 CREF References added
IRIS REVISION JBSTORY 12/01/90 CARO Changed slope factor to "unit risk",

2nd para, 1st sen " '
IRIS REVISION HISTORY 02/01/91 CARI Text edited
IRIS REVISION HISTORY 09/01/91 RDO Oral RfD summary now on-line
IRIS REVISION HISTORY 09/01/91 RDO Oral RfD bibliography added
IRIS REVISION HISTORY 10/01/91 RDO Conversion factor text clarified
IRIS REVISION HISTORY 10/01/91 MCLO MCLG noted as pending change
IRIS REVISION HISTORY 01/01/92 EXSR Regulatory actions updated
IRIS REVISION HISTORY 08/01/92 CAR Note added to indicate text in oral

quant estimate .
IRIS REVISION HISTORY 10/01/92 CREF Missing reference added to

bibliography
IRIS REVISION HISTORY 02/01/93 RDO Citations added to second paragraph
IRIS REVISION HISTORY 02/01/93 OREF References added to bibliography



IRIS REVISION HISTORY 03/01/93 OREF Corrections to references
IRIS REVISION HISTORY 03/01/94 CARDR Work group review date added
IRIS REVISION HISTORY 06/01/94 CAR Carcinogen assessment noted as

pending change :x
IRIS REVISION HISTORY 01/01/95 CAR Pending change note revised
DUS REVISION HISTORY 01/01/95 CARO Dates and document no. added to oral

quant estimate
IRIS REVISION HISTORY 06/01/95 CAR Carcinogenicity assessment replaced
IRIS REVISION HISTORY 06/01/95 CREF Carcinogenicity references replaced
IRIS REVISION HISTORY 07/01/95 CARDR Documentation year corrected;

review statement revised .
IRIS REVISION HISTORY 07/01/95 CREFU.S. EPA, 1994 corrected to 1993
RECORD LENGTH 60157
SYNONYMS Arsenic
SYNONYMS Arsenic, inorganic
SYNONYMS gray-arsenic

REFERENCE DOSE FOR ORAL EXPOSURE
o ORAL RFD SUMMARY:

NOTE: There was not a clear consensus among Agency scientists on the oral
RfD. Applying the Agency's RfD methodology, strong scientific arguments can
be made for various values within a factor of 2 or 3 of the currently
recommended RfD value, i.e., 0.1 to 0*8 ug/kg/day. It should -be noted,
however, that the RfD methodology, by definition, yields a number with
inherent uncertainty spanning perhaps an order of magnitude. New data that
possibly impact on the recommended RfD for arsenic will be evaluated by the
Work Group as it becomes available. Risk managers should recognize the
considerable flexibility afforded them in formulating regulatory decisions
when uncertainty and lack of clear consensus are taken into account ,

Critical Effect Experimental Doses* UF MF RfD

Hyperpigmentation, NOAEL: 0.009 mg/L
keratosisand converted to 0.0008
possible vascular mg/kg-day
complications .

LOAEL: 0.17 mg/L converted t
Human chronic to 0.014 mg/kg-day
oral exposure

Tseng, 1977;
Tseng etal., 1968 >

'Conversion Factors: NOAEL was based on an arithmetic mean of 0.009 mg/L in a
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range of arsenic concentration of 0.001 to 0.017 mg/L. This NOAEL also
included estimation of arsenic from food. Since experimental data were
missing, arsenic concentrations in sweet potatoes and rice were' estimated as
0.002 mg/day. Other assumptions included consumption of 4.5 L water/day and
55 kg bw(Abemathy et'aL, 1989). NOAEL - [(0.009 mg/L x4.5 L/day) + 0.002
mg/day] / 55 kg - 0.0008 mg/kg-day. The LOAEL dose was estimated using the
same assumptions as the NOAEL starting with an arithmetic mean water
concentration from Tseng (1977) of 0.17 mg/L. LOAEL - [(0.17 mg/L x 4.5
L/day) + 0.002 rng/day] / 55 kg - 0.014 mg/kg-day.

o ORAL RFD STUDIES:

Tseng, W.P. 1977. Effects and dose-response relationships of skin cancer and
blackfoot disease with arsenic. Environ. Health Perspect 19:109-119.

Tseng, W.P., H.M. Chu, S.W. How, J.M. Fong, C.S. Lin and S. Yeh. 1968.
Prevalence of skin cancer hi an endemic area of chronic arsenicism in Taiwan.
J. Natl. Cancer Inst 40:453-463.

The data reported in Tseng (1977) show an increased incidence of blackfoot
disease that increases with age and dose. Blackfoot disease is a significant
adverse effect The prevalences (males and females combined) at the low dose
are 4.6 per 1000 for the 20-39 year group, 10.5 per 1000 for the 40-59 year
group, and 20.3 per 1000 for the >60 year group. Moreover, the prevalence of
blackfoot disease in each age group increases with increasing dose. However,
a recent report indicates that it may not be strictly due to arsenic exposure ,
(Lu, 1990). The data in Tseng et al. (1968) also show increased incidences of
hyperpigmentation and keratosis with age. The overall prevalences of
hyperpigmentation and keratosis in the exposed groups are 184 and 71 per 1000,
respectively. The text states that the incidence increases with dose, but
data for the individual doses are not shown. These data show that the skin
lesions are the more sensitive endpoint The low dose in the Tseng (1977)
study is considered a LOAEL.

The control group described in Tseng et al. (1968; Table 3) shows no evidence
of skin lesions and presumably blackfoot disease, although this latter point
is not explicitly stated. This group is considered a NOAEL.

The arithmetic mean of the arsenic concentration in the wells used by the
individuals in the NOAEL group is 9 ug/L (range: 1-17 ug/L) (Abemathy et al.,
1989). The arithmetic mean of the arsenic concentration in the wells used by
the individuals in the LOAEL group is 170 ug/L (Tseng, 1977; Figure 4). Using
estimates provided by Abemathy et al. (1989), the NOAEL and LOAEL doses for
both food and water are as follows: LOAEL - [170 ug/L x 4.5 L/day + 2 ug/day
(contribution of food)J x (1/55 kg) - 14 ug/kg/day; NOAEL - [9 û L x 4.5



L/day + 2 ug/day (contribution of food)] x (1/55 kg) « 0.8 ug/kg/day.
t • ' -. I ' •••'--' ''•' !.• ' '

- ' ' - • __ . -Ik , . -•

Although the control group contained 2552 individuals, only 957 (approximately
38%) were older than 20, and only 431 (approximately 17%) were older than 40.
The incidence of skin lesions increases sharply in individuals above 20; the
incidence of blackfoot disease increases sharply in individuals above 40
(Tseng, 1968; Figures 5,6 and 7). This study is less powerful than it
appears at first glance. However, it is certainly the most powerful study
available on arsenic exposure to people. '

1 - ' • - -
This study shows an increase in skin lesions, 22% (64/296) at the high dose
vs. 22% (7/318) at the low dose, The average arsenic concentration in the
wells at the high dose is 410 ug/L and at the low dose is 5 ug/L (Cebrian et
al., 1983; Figure 2 and Table 1) or 7 ug/L (cited in the abstract). The
average water consumption is 3.5 L/day for males and 2.5 L/day for females.
There were about an equal number of males and females in the study. For the
dose estimates given below we therefore assume an average of 3 L/day. No data „
are given on the arsenic exposure from food or the body weight of the
participants (we therefore assume 55 kg). The paper states that exposure
times axe directly related to chronological age in 75% of the cases.
Approximately 35% of the participants in the study are more than 20 years old
(Figurel).

1 • ' t i ' '
Exposure estimates (water only) are: high dose - 410 ug/L x 3 L/day x (1/55
kg) « 22 ug/kg/day; low dose - 5-7 ug/L x 3 L/day x (1/55 kg) « 0.3-0.4
'ug/kg/day. •

The high-dose group shows a clear increase in skin lesions and is therefore
designated a LOAEL. There is some question whether the low dose is a NOAEL or
a LOAEL since there is no way of knowing what the incidence of skin lesions
would be in a group where the exposure to arsenic is zero. The 2.2% incidence
of skin lesions in the low-dose group is higher than that reported in the
Tseng et al. (1968) control group, but the dose is lower (0.4 vs. 0.8
ug/kg/day).

The Southwicket al. (1983) study shows a marginally increased incidence of a
variety'of skin lesions (palmar and plantar keratosis, diffuse palmar or
plantar hyperkeratosis, diffuse pigmentation, and arterial insufficiency) in
the individuals exposed to arsenic. The incidences are 2.9% (3/105) in the
control group and 6.3% (9/144) in the exposed group. There is a slight, but
not statistically significant increase in the percent of exposed individuals
that have abnormal nerve conduction (8/67 vs. 13/83, or 12% vs. 16% (Southwick
et al, 1983; Table 8). The investigators excluded all individuals older than
47 from the nerve conduction portion of the study. These are the individuals
most likely to have the longest exposure to arsenic.



Although neither the increased incidence of skin lesions nor the increase in
abnormal nerve conduction is statistically significant, these effects may be
biologically significant because the same abnormalities occur at higher doses
in othef studies. the number of subjects in this study was insufficient to
establish statistical significance.

1 • ' .
Table 3 (Southwick et al., 1983) shows the annual arsenic exposure from
drinking water. No data are given on arsenic exposure from food or the body
weight (assume 70 kg). Exposure times are not clearly defined, but are >5
years, and dose groups are ranges of exposure.

Exposure estimates (water only) are: dosed group - 1 52.4 mg/year x 1 year/365
days x (1/70) kg = 6 ug/kg/day; control group - 24.2 mg/year x year/365 days x
(1/70) kg -0.9 ug/kg/day.

Again because there are no data for a group not exposed to arsenic, there is •
some question if the control group is a NOAEL or a LOAEL. The incidence of
skin lesions in this group is about the same as in the low-dose group from the
Cebrianetal. (1983) study; the incidence of abnormal nerve conduction in the
control group is higher than that from the low-dose group in the Hindmarsh et
al. (1 977) study described below. The control dose is comparable to the dose
to the control group in the Tseng etal. (1968) and Hindmarsh et al. (1977)
studies. The dosed group may or may not be a LOAEL, since it is does not , .
report statisically significant effects when compared to the control.

This study shows an increased incidence of abnormal clinical findings and
abnormal electroxnyographic findings with increasing dose of arsenic (Hindmarsh
et al., 1977; Tables III and VI). However, the sample size is extremely
small. Percentages of abnormal clinical signs possibly attributed to As were
10, 16, and 40% at thelow, mid and high doses, respectively. Abnormal EMG
were 0, 17 and 53% in the same three groups.

! • ' • ' " . '

The exact doses are not given in the Hindmarsh etal. (1977) paper; however,
some well data are reported in Table V. The arithmetic mean of the arsenic
concentration in the high-dose and mid-dose wells is 680 and 70 ug/L,
respectively. Figure 1 (Hindmarsh et al., 1 977) shows that the average
arsenic concentration of the low-dose wells is about 25 ug/L. No data are
given on arsenic exposure from food. We assume daily water consumption of 2
liters and body weight of 70 kg. Exposure times are not clearly stated.

Exposure estimates (water only) are: low * 25 ug/L x 2 L/day x (1/70) kg =
0,7 ug/kg/day; mid - 70 ug/L x 2 L/day x (1/70) kg « 2 ug/kg/day; high - 680
ug/L x 2 L/day x (1/70) kg » 19 ug/kg/day." ' '

< ,
X-x
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The low dose is a no-effect level for abnormal EMG findings. However, because
there is no information on the background incidence of abnormal clinical
findings in a population with zero exposure to arsenic, there is no way of
knowing if the low dose is a no-effect level or another marginal effect level
for abnormal clinical findings. The low dose is comparable to the dose
received by the control group in the Tseng (1977) and Southwick et al. (1983)
studies.

The responses at the mid dose do not show a statistically significant increase
but are part of a statistically significant trend and are biologically
significant. This dose is an equivocal NOAEL/LOAEL. The high dose is a clear
LOAEL for both responses. ..

As discussed previously there is no way of knowing whether the low doses in
theCebrian et al. (1983), Southwick et al. (1983) and Hindmarsh etal. (1977)
studies are NOAELs for skin lesions and/or abnormal nerve conduction.
However, because the next higher dose in the Southwick and Hindmarsh studies
only shows marginal effects at doses 3-7 times higher, the Agency feels
comfortable in assigning the low doses in these studies as NOAELs.

The Tseng (1977) and Tseng et al. (1968) studies are therefore considered
superior for the purposes of developing an RfD and show a NOAEL for a
sensitive endpoint Even discounting the people <20 years of age, the control
group consisted of 957 people that had a lengthy exposure to arsenic with no
evidence of skin lesions.

The following is-a summary of the defined doses b mg/kg-day from the
principal and supporting studies:

1) Tseng (1977): NOAEL - 8JE-4; LOAEL - 1.4E-2

2) Cebrian et al. (1983): NOAEL - 4E-4; LOAEL = 2.2E-2

3) Southwick et al. (1983): NOAEL - 9E-4; LOAEL * none (equivocal effects at
6E-3)

4) Hindmarsh etal., 1977: NOAEL -7E-4; LOAEL » L9E-2 (equivocal effects at
2E-3) , " \,

o ORAL RFD UNCERTAINTY:

UF - The UF of 3 is to account for both the lack of data to preclude
reproductive toxicity as a critical effect and to account for some uncertainty
in whether the NOAEL of the critical study accounts for all sensitive
individuals.
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o ORAL RFD MODIFYING FACTOR:

MF-None

o ORAL RFD COMMENTS:

Perm and Carpenter (1968) produced malformations in 15-day hamster fetuses via
intravenousinjections of sodium arsenate into pregnant dams on day 8 of
' gestation at dose levels of 15,17.5, or 20 mg/kg bw. Excncephaly,
encephaloceles, skeletal defects and genitourinary systems defects were
produce! These and other terata were produced in mice and rats all at levels
around 20 mg/kg bw. Minimal effects or no effects on fetal development have
been observed in studies on chronic oral exposure of pregnant rats or mice to
relatively low levels of arsenic via drinking water (Schroeder and Mitchner,
1971). Nadeenko etal. (1978) reported that intubation of rats with arsenic
solution at a dose level of 25 ug/kg/day for a period of 7 months, including
pregnancy, produced no significant embryotoxic effects and only infrequent
slight expansion of ventricles of the cerebrum, renal pelves; and urinary
bladder. Hood et al. (1977) reported that very high single oral doses of
arsenate solutions (120 mg/kg) to pregnant mice were necessary to cause
prenatal fetal toxicity, while multiple doses of 60 mg/kg on 3 days had little
effect , • '

Extensive human pharmacokinetic, metabolic, enzymic and long-term information
is known about arsenic and its metabolism. Valentine etal. (1987)
established that human blood arsenic levels did not increase until daily water
ingestion of arsenic exceeded approximately 250 ug/day (approximately 120 ug .
of arsenic/L. Methylated species of arsenic are successively 1 order of
magnitude less toxic and less teratogenic (Marcus and Rispin, 1988). Some
evidence suggests that inorganic arsenic is an essential nutrient in goats,
chicks, minipigs and rats (NRC, 1989). .No comparable data are available for
humans.

o ORAL RFD CONFIDENCE:

Study — Medium
Data Base - Medium
RfD-Medium

Confidence in the chosen study is considered medium. An extremely large
number of people were included in the assessment (>40,000) but the doses were
not well-characterized and other contaminants were present The supporting
human toxicity data base is extensive but somewhat flawed. Problems exist
with all of the epidemiological studies. For example, the Tseng studies do
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not look at potential exposure from food or other source. A similar criticism
can be made of the Cebrian etal. (1983) study. The U.S. studies are too
small in number to resolve several issues. However, the data base does
support the choice of NOAEL. It garners medium confidence. Medium confidence
in the RfD follows.

o ORAL RFD SOURCE DOCUMENT:

Source Document — This assessment is not presented in any existing U.S. EPA
document ,

This analysis has been reviewed by EPA's Risk Assessment Council on 11/15/90.
This assessment was discussed by the Risk Assessment Council of EPA on
11/15/90 and verified through a series of meetings during the 1st, 2nd and 3rd
quarters of FY91.

Other EPA Documentation - U.S. EPA, 1984,1988

oREVIEWDATES ': 03/24/88,05/25/88,03/21/89,09/19/89,
08/22/90,09/20/90

o VERIFICATION DATE r 11/15/90 '
o EPA CONTACTS:

Charles Abemathy /OST- (202)260-5374

Michael Dourson / OHEA - (513)569-7533

REFERENCE DOSE FOR NODATA
INHALATION EXPOSURE
EVIDENCE FOR HUMAN CARCINOGENICITY
o CLASSIFICATION : A; human carcinogen
o BASIS FOR CLASSIFICATION : based on sufficient evidence from human data.

An increased lung cancer mortality was
observed in multiple human populations
exposed primarily through inhalation. Also,
increased mortality from multiple internal
organ cancers (liver, kidney, lung, and
bladder) and an increased incidence of skin ' '
cancer were observed in populations consuming
drinking water high in inorganic arsenic.

o HUMAN CARCINOGENICITY DATA:
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Sufficient Studies of smelter worker populations (Tacoina, WA; Magma, UT;
Anaconda, MT; Ronnskar, Sweden; Saganoseki-Machii, Japan) have all found an
association between occupational arsenic exposure and lung cancer mortality
(Enterline and Marsh, 1982; Lee-Feldstein, 1983; Axelson et al., 1978;
Tokudome and Kuratsune, 1976; Rencher etal., 1977). Both proportionate
mortality and cohort studies of pesticide manufacturing workers have shown an
excess of lung cancer deaths among exposed persons (Ott et al., 1974; Mabuchi
etal., 1979). One study of a population residing near a pesticide •
manufacturing plant revealed that these residents were also at an excess risk
of lung cancer (Matanoski etal., 1981). Case reports of arsenical pesticide
applicators have also corroborated an association between arsenic exposure and
lung cancer (Roth, 1958).

A cross-sectional study of 40,000 Taiwanese exposed to arsenic in drinking
water found significant excess skin cancer prevalence by comparison to 7500
residents of Taiwan and Matsu who consumed relatively arsenic-free water
(Tseng et al., 1968; Tseng, 1977). Although this study demonstrated an
association between arsenic exposure and development of skin cancer, it has
several weaknesses and uncertainties, including poor nutritional status of the
exposed populations, their genetic susceptibility, and their exposure to
inorganic arsenic from non-water sources, that limit the study's usefulness in
risk estimation. Dietary inorganic arsenic was not considered nor was the
potential confounding by contaminants other than arsenic in drinking water.
There may have been bias of examiners in the original study since no skin
cancer or preneoplastic lesions were seen in 7500 controls; prevalence rates
rather than mortality rates are the endpoint; and furthermore there is concern
of the applicability of extrapolating data from Taiwanese to the U.S.
population because of different background rates of cancer, possibly
genetically determined, and differences in diet other than arsenic (e.g., low
protein and fat and high carbohydrate) (U.S. EPA, 1988)f

A prevalence study of skin lesions was conducted in two towns in Mexico,
one with 296 persons exposed to drinking water with 0.4 mg/L arsenic and a
similar group with exposure at 0.005 mg/L. The more exposed group had an
increased incidence of palmar keratosis, skin hyperpigmentation and
hypopigmentation, and four skin cancers (histologically unconfirmed) (Cebrian
etal, (1983). The association between skin cancer and arsenic is weak
because of the small number of cases, small cohort size, and short duration
follow-up; also there was no unexposed group in either town. No excess skin
cancer incidence has been observed in U.S. residents consuming relatively high
levels of arsenic in drinking water but the numbers of exposed persons were ,
low (Morton et al., 1976; Southwick et al., 1981). Therapeutic use of
Fowler's solution (potassium arsenite) has also been associated with
development of skin cancer and hyperkeratosis (Sommers and McManus, 1953;



Fierz, 1965); several case reports implicate exposure to Fowler's solution in
^ skin cancer development (U.S. EPA, 1988).

\ J ' ' ' -"-'• "• ' '• ' • *-'. -v-' "'"• ' "v y • ^ . ' • vv-v:; • - '~̂̂  Several follow-up studies of the Taiwanese population exposed to inorganic
arsenic in drinking water showed an increase in fetal internal organcancers
as well as an increase in skin cancer. Chen etal. (1985) found that the
standard mortality ratios (SMR) and cumulative mortality rates.for cancers of
the bladder, kidney, skin, lung and liver were significantly greater in the
Blackfoot disease endemic area of Taiwan when compared with the age adjusted
rates for the general population of Taiwan. Blackfoot disease (BFD, an
endemic peripheral artery disease) and these cancers were all associated with
high levels of arsenic in drinking water. In the endemic area, SMRs were
greater in villages that used only artesian well water (high in arsenic) .
compared with villages that partially or completely used surface well water
(low in arsenic). However, dose-response data were not developed (Chen etal.

. 1985).

A retrospective case-control study showed a significant association
between duration of consuming high-arsenic well water and cancers of the
liver, lung and bladder (Chen et al., 1986). In this study, cancer deaths in
die Blackfoot disease endemic area between January 1980 and December 1982 were
chosen for the case group. About 90% of the 86 lung cancers and 95 bladder
cancers in the registry were histologically or cytologically confirmed and

':̂ Ĵ over 70% of the liver cancers were confirmed by biopsy or rfetoprotcin
presence with a positive liver x-ray image. Only confirmed cancer cases were
included in the study. A control group of 400 persons living in the same area
was frequency-matched with cases by age and sex. Standardized questionnaires
of the cases (by proxy) and controls determined the history of artesian well
water use, socioeconomic variables, disease history, dietary habits, and
lifestyle. For the cancer cases, the age-sex adjusted odds ratios were
increased for bladder (3.90), lung (3.39), and liver (2.67) cancer for persons
who had used artesian well water for 40 or more years when compared with
controls who had never used artesian well water. Similarly, in a 15-year
study of a cohort of 789 patients of Blackfoot disease, an increased mortality
from cancers of the liver, lung, bladder and kidney was seen among BFD
padents when compaî  with the general population in the endemic area or when
compared with the general population of Taiwan. Multiple logistic regression
analysis to adjust for other risk factors including cigarette smoking did not
markedly affect the exposure-response relationships or odds ratios (Chen et
al.,1988).

A significant dose-response relationship was found between arsenic levels
in artesian well water in 42 villages in the southwestern Taiwan and age-
adjusted mortality rates from cancers at all sites, cancers of the bladder,

\ kidney, skin, lung, liver and prostate (Wu et aL, 1989). An ecological study
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of cancer mortality rates and arsenic levels in drinking water in 314
townships in Taiwan also corroborated the association between arsenic levels
and mortality from the internal cancers (Chen and Wang, 1990).

Chen etal.(1992) conducted a recent analysis of cancer mortality data
from the arsenic-exposed population to compare risk of various internal
cancers and compare risk between males and females. The study area and
population have been described by Wu et al. (1989). It is limited to 42
southwestern coastal villages where residents have used water high in arsenic
from deep artesian wells for more than 70 years. Arsenic levels in drinking
water ranged from 0.010 to 1.752 ppm. The study population had 898,806
person-years of observation and 202 liver cancer, 304 lung cancer, 202 bladder
cancer and 64 kidney cancer deaths. The study population was stratified into
four groups according to median arsenic level in well water (<0.10 ppm, 0.10-
0.29 ppm, 0.30-0.59 ppm and 60+ ppm), and also stratified into four age groups
(<30 years* 30-49 years, 50r69 years and 70+ years). Mortality rates were
found to increase significantly with age for all cancers and significant dose-
response relationships were observed between arsenic level and mortality from .
cancer of the liver, lung, bladder and kidney in most age groups of both males
and females. The data generated by Chen etal. (1992) provide eidence for an
association of the levels of arsenic in drinking water and duration of
exposure with the rate of mortality from cancers of the liver, lung, bladder,
and kidney. Dose-response relationships are clearly shown by the tabulated
data (Tables II-V of Chen et al., 1992). Previous studies summarized in U.S.
EPA (1988) showed a similar association in the same Taiwanese population with
the prevalence of skin cancers (which are often non-fatal). Bates et al.
(1992) and Smith etal. (1992) have recently reviewed and evaluated the
evidence for arsenic ingestion and internal cancers.

o ANIMAL CARCINOGENICITY DATA:

Inadequate. There has not been consistent demonstration of
Carcinogenicity in test animals for various chemical forms of arsenic
administered by different routes to several species (IARC, 1980). Furst -
(1983) has cited or reviewed animal Carcinogenicity testing studies of nine
inorganic arsenic compounds in over nine strains of mice, five strains of
rats, in dogs, rabbits, swine and chickens. Testing was by the oral, dermal,
inhalation, and parentcral routes. All oxidation states of arsenic were i
tested. No study demonstrated that inorganic arsenic was carcinogenic in
animals. Dimethylarsonic acid (DMA), the end metabolite predominant in humans
and animals, has been tested for Carcinogenicity in two strains of mice and
was not found positive (bines et al., 1969); however, this was a screening
study and no data were provided. The meaning of non-positive data for
Carcinogenicity of inorganic arsenic is uncertain, the mechanism of action in
causing human cancer is not known, and rodents may not be a good model for
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arsenic Carcinogenicity testing. There are some data to indicate that arsenic
may produce animal lung tumors if retention time in the lung can be increased
(Pershagenetal., 1982,1984). * f̂ r̂ ;

.'-'———---. T _ _ . . . _ . • ;______• - . - - __ • --.*_, _,__-<,.+ -
o SUPPORTING DATA:

- • •.' ^ ' - ' *A retrospective cohort mortality study was conducted on 478 British
patients treated between 1945-1969 with Fowler's solution (potassium
arsenite). The mean duration of treatment was 8.9 months and the average
total oral consumption of arsenic was about 1890 mg (daily dose x duration).
In 1980,139 deaths had occurred. No excess deaths from internal cancers were

• seen after this 20-year follow-up. Three bladder cancer deaths were observed
(1.19 expected, SMR 2.5) (Cuzick etal., 1982). A recent follow-up (Cuzicket
al., 1992) indicated no increased mortality from all cancers but a significant
excess from bladder cancer (5 cases observed/1.6 expected; SMR of 3.07). A
subset of the original cohort (143 persons) had been examined by a
dermatologist in 1970 for signs of arsenicism (palmar keratosis). In 1990,
there were 80 deaths in the subcohort and 11 deaths from internal cancers.
All 11 subjects had skin signs (keratosis-10, hyperpigmentation-5 and skin
cancer-3). A case-control study of the prevalence of palmar keratoses in 69
bladder cancer patients, 66 lung cancer patients and 218 hospital controls
(Cuzick et al., 1984), indicated an association between skin keratosis (as an
indicator of arsenic exposure) and lung and bladder cancer. Above the age of
50,87% of bladder cancer patients and 71% of lung cancer patients but only
36% of controls had one or more keratoses. Several case reports implicate
internal cancers with arsenic ingestion or specifically with use of Fowler's
solution but the associations are tentative (U.S. EPA, 1988).

Sodium arsenate has been shown to transform Syrian hamster embryo cells
(Dipaolo and Casto, 1979) and to produce sister chromatid-exchangc in DON
cells, CHO cells, and human peripheral lymphocytes exposed in vitro (Wan ct
al., 1982; Ohno et al., 1982; Larramendy et al., 1981; Andersen, 1983;
Crossen, 1983). Jacobson-Kram and Montalbano (1985) have reviewed the
mutagenicity of inorganic arsenic and concluded that inorganic arsenic is
inactive or very weak for induction of gene mutations in vitro but it is
clastogenic with trivalent arsenic being an order of magnitude more potent
than pentavalent arsenic.

Both the pentavalent and trivalent forms of inorganic arsenic are found in
drinking water. In both animals and humans, arsenate (As+5) is reduced to
arsenite (As+3) and the trivalent form is methylated to give the metabolites
mononomethylarsinic acid (MMA) and dimethylarsonic acid (DMA) (Vahter and
Marafante, 1988). The genotoxicity of arsenate (As+5) and arsenite (As+3) and
the two methylated metabolites, MMA and DMA were compared in the thymidine
kinase forward mutation assay in mouse lymphoma cells (Hamngton-Brock ct al.
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1993; Moore et al., 1995, in press). Sodium arsenite (+3) and sodium arsenate
(+5) were mutagenic at concentration of 1-2 ug/mL and 10-14 ug/mL, .• -
respectively, whereas MMA and DMA were significantly less potent, requiring
2.5-5 mg/mL and 10 mg/mL, respectively, to induce a genotoxic response. Based
on small colony size the mutations induced were judged chromosomal rather than
point mutations. The authors have previously shown that for chemicals having
clastogenic activity (i.e., cause chromosomal mutations), the mutated cells
grow more slowly than cells with single gene mutations and this results in
small colony size. In the mouse lymphorna assay, chromosomal abberations were
seen at approximately the same arsenic levels as TK forward mutations.
Arsenate, arsenite and MMA were considered clastogenic but the abberation
response with DMA was insufficient to consider it a clastogen. Since arsenic
exerts its genotoxicity by causing Chromosomal mutations, it has been
suggested by the above authors that it may act in a latter stage of :
carcinogenesis as a progressor, rather than as a classical initiator or
promoter (Moore et al., 1994). A finding which supports this process is that
arsenate (8-16 uM) and arsenite (3 uM) have been shown to induce 2-10 fold
amplification of the dihydrofolate reductase gene in culture in methotrexate
resistant 3T6 mouse cells (Lee et al., 1988). Although the mechanism of
induction in rodent cells is not known, gene amplification of oncogenes is
observed in many human tumors. Inorganic arsenic has not been shown to mutate
bacterial strains, it produces preferential killing of repair deficient
strains (Rossman, 1981). Sodium arsenite (As+3) induces DNA-strand breaks
which are associated with DNA-protein crosslinks in cultured human fibroblasts
at 3 mM but not 10 mM(Dong and Luo, 1993) and it appears that arsenite
inhibits the DNA repair process by inhibiting both excision and Hgation(Jha
et al., 1992; Lee-Chen et al., 1993).

The inhibitory effect of arsenite on strand-break rejoining during DNA
repair was found to be reduced by adding glutathionc to cell cultures (Huang
et al., 1993). The cytotoxic effects of sodium arsenite in Chinese hamster
ovary cells also has also found to correlate with the intracellular
glutathione levels (Lee etal., 1989).

In vivo studies in rodents have shown that oral exposure of rats to
arsenate (As+5) for 2-3 weeks resulted in major chromosomal abnormalities in
bone marrow (Datta etal., 1986) arid exposure of mice toAs (+3) in drinking '
water for 4 weeks (250 mg As/Las arsenic trioxide) caused chromosomal
aberrations in bone marrow cells but not spermatogonia (Poma et al., 1987);
micronuclei in bone marrow cells were also induced by intraperitoneal dosing
of mice with arsenate (DeKnudt et al., 1986; Tinwell et al., 1991).
Chromosomal aberrations and sister chromatid exchange have been seen in
patients exposed to arsenic from treatment with Fowler's solution (Burgdorf et
al., 1977) and subjects exposed occupationally (Beckman et al., 1977) but no
increase in either endpoint was seen in lymphocytes of subjects exposed to
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arsenic in drinking water (Vig et al., 1984).

ORAL EXPOSURE CARCINOGENICITY ASSESSMENT
o CLASSIFICATION : A; human carcinogen
o BASIS FOR CLASSIFICATION : based on sufficient evidence from human data.

An increased lung cancer mortality was
observed in multiple human populations
exposed primarily through inhalation. Also,
increased mortality from multiple internal
organ cancers (liver, kidney, lung, and .
bladder) and an increased incidence of skin
cancer were observed in populations consuming
drinking water high in inorganic arsenic.

o ORAL SLOPE FACTOR : 1.5E+Oper(mg/kg)/day
o DRINKING WATER UNIT RISK : 5E-5 per (ug/L)
o DOSE EXTRAPOLATION METHOD : Time-and dose-related formulation of the

multistage
o RISK/WATER CONCENTRATIONS:

Drinking Water Concentrations At Specified Risk Levels:
• • • •'• .- : . •'• ;; " -. : • '• . .
Risk Level Concentration ^

E-4(l in 10,000) 2E+Oug/L
E-5 (1 in 100,000) 2E-1 ug/L
E-6(linlOO,000) 2E-2ug/L

o ORAL DOSE-RESPONSE DATA:

The Risk Assessment Forum has completed a reassessment of the
Carcinogenicity. risk associated with ingestion of inorganic arsenic (U.S. EPA,
1988). The data provided in Tseng et al., 1968 and Tseng, 1977 on about
40,000 persons exposed to arsenic in drinking water and 7500 relatively
unexposed controls were used to develop dose-response data. The number of
persons at risk over three dose intervals and four exposure durations, for
males and females separately, were estimated from the reported prevalence
rates as percentages. It was assumed that the Taiwanese persons had a
constant exposure from birth, and that males consumed 3.5 L drinking water/day
and females consumed 2.0 L/day. Doses were converted to. equivalent doses for
U, S. males and females based on differences in body weights and differences in
water consumption and it was assumed that skin cancer risk in the U.S.
population would be similar tathe Taiwanese population. The multistage model
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with time was used to predict dose-specific and age-specific skin cancer
prevalance rates associated with ingestion of inorganic arsenic; both linear
and quadratic model fitting of the data were conducted. The maximum
likelihood estimate (MLE) of skin cancer risk for a 70 kg person drinking 2 L
of water per day ranged from IE-3 to 2E-3 for an arsenic intake of 1
ug/kg/day. Expressed as a single value, the cancer unit risk for drinking
water is 5E-5 per (ug/L). Details of the assessment are in U.S. EPA (1988).

"S . * ' • ' 'Dose response data have not been developed for internal cancers for the
Taiwanese population. The data of Chen et al. (1992) are considered
inadequate at present

o ADDITIONAL COMMENTS:

None.

This assessment is based on prevalence of skin cancer rather than
mortality because the types of skin cancer studied are not normally fatal.
However, competing mortality from Blackfoot disease in the endemic area of
Taiwan would cause the risk of skin cancer to be underestimated. Other
sources of inorganic arsenic, in particular those in food sources have not
been considered because of lack of reliable information, there is also
uncertainty on the amount of water consumed/day by Taiwanese males (3.5 L or
4.5 L) and the temporal variability of arsenic concentrations in specific
wells was not known. The concentrations of arsenic in the wells was measured
in the early 1960s and varied between 0.01 and 1.82 ppm. For many villages 2
to 5 analyses were conducted, on well water and for other villages only one
analysis was performed; ranges of values were not provided Since tap water
was supplied to many areas after 1966, the arsenic-containing wells were only
used in dry periods. Because of the study design, particular wells used by
those developing skin cancer could not be identified and arsenic intake could
not be assigned except by village. Several uncertainties in exposure
measurement reliability existed and subsequent analysis of drinking water
found fluorescent substances in water that are possible confounders or caused
synergistic effects. Uncertainties have been discussed in detail in U.S. EPA
(1988). Uncertainties in exposure measurement can affect the outcome of dose-
response estimation. ' •

INHALATION EXPOSURE CARCINOGENICITY ASSESSMENT
o CLASSIFICATION : A; human carcinogen
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o BASIS FOR CLASSIFICATION : based on sufficient evidence from human data.
An increased lung cancer mortality was
observed in multiple human populations
exposed primarily through inhalation. Also,
increased mortality from multiple internal
organ cancers (liver, kidney, lung, and
bladder) and an increased incidence of skin
cancer were observed in populations consuming
drinking water high in inorganic arsenic.

o INHALATION UNIT RISK : 4.3E-3 per (ug/cu.m)
o DOSE EXTRAPOLATION METHOD : absolute-risk linear model
o RISK/AIR CONCENTRATIONS:. • * i . - •

, - ' . - ; , ' [ ' . .

Air concentrations at Specified Risk Levels:

Risk Level Concentration •

E-4 (1 in 10,000) 2E-2 per (ug/cu.m)
E-5 (1 in 100,000) 2E-3 per (ug/cujn)
E-6 (1 in 1,000,000) 2E-4 per (ug/ciun)

o INHALATION DOSE-RESPONSE DATA:

Tumor Type — lung cancer
Test Animals — human, male .
Route — inhalation, occupational exposure.
Reference - Brown and Chu, 1983a,b,c; Lee-Feldstein, 1983; Higgins, 1982;
Enteriine and Marsh, 1982 '

Ambient Unit Risk Estimates (per (ug/cu.m)

Exposure Unit Geometric Mean Final Estimates
Source Study Risk UnitRisk UnitRisk

Anaconda Brown and Chu, 1.25E-3
smelter 1983a,b,c ,

Lee-Feldstein, 1983 2.80E-3 2.56E-3
Higgins, 1982; 4.90E-3 4.29E-3
Higgins etal., 1982;
Welch etal., 1982

ASARCO Enterlineand 7.6E-3- 6.81E-3 7.19E-3
smelter Marsh, 1982

o ADDITIONAL COMMENTS:
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i • I
A geometric mean was obtained for data sets obtained with distinct exposed .

populations (U.S. EPA, 1984). The final estimate is the geometric mean of
those two values. It was assumed that the increase in age-specific mortality
rate of lung cancer was a function only of cumulative exposures. *

r . '

The unit risk should not be used if the air concentration exceeds 2
ug/cum, since above this concentration the unit risk may not be appropriate.

b DISCUSSION OF CONFIDENCE:

Overall a large study population was observed. Exposure assessments
included air measurements for the Anaconda smelter and both air measurements
and urinary arsenic for the ASARCO smelter. Observed lung cancer incidence
was significantly increased over expected values. The range of the estimates
derived from data from two different exposure areas was within a factor of 6.

CARCINOGENICITY ASSESSMENT DOCUMENTATION AND REVIEW
o CARCINOGENICITY SOURCE :

U.S. EPA/1984,1988,1993

A draft of the 1984 Health Assessment Document for Inorganic Arsenic was
independently reviewed in public session by the Environmental Health Committee
of the U.S. EPA Science Advisory Board on September 22-23,1983. A draft of .
the; 1988 Special Report on Ingested Inorganic Arsenic; Skin Cancer; .
Nutritional Essentiality was externally peer reviewed at a two-day workshop of
scientific experts on December 2-3,1$86. A draft of the Drinking Water
Criteria Document for Arsenic was reviewed by the Drinking Water Committee of
the U.S. EPA Science Advisory Board on March 10,1993. The comments from
these reviews were evaluated and considered in the revision and finalization
of these reports.
DOCUMENT

o REVIEW DATES ': 01/13/88,12/07/89,02/03/94
o*VERIFICATION DATE : 02/03/94 .
o EPA CONTACTS:

Herman Gibb/NCEA-(202)260-7315

Charles Abemathy / OST - (202)260-5374

ONE-DAY HEALTH ADVISORY NO DATA
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TEN-DAY HEALTH ADVISORY NO DATA

LONGER-TERM CHILD HEALTH ADVNO DATA

LONGER-TERM ADULT HEALTH ADVNO DATA

ORGANOLEPTIC PROPERTIES NODATA

DRINKING WATER ANALYTICAL PRNO DATA

HEALTH ADVISORY NO DATA
DOCUMENTATION AND REVIEW

CLEAN AIR ACT REQUIREMENTS NODATA

. AMBIENT WATER QUALITY CRITERIA FOR HUMANS

Water and Fish Consumption- 2.2E-3ug/L

^j Fish Consumption Only - 1.75E-2 ug/L

Considers technological or economic feasibility? - NO

Discussion - For the maximum protection from the potential carcinogenic
properties of this chemical, the ambient water concentration should be zero.
.However, zero may not be attainable at this time, so the recommended criteria

. ~ represents a E-6 estimated incremental increase of cancer risk over a
lifetime.

Reference - 45 FR 79318 (11/28/80)

EPA Contact - Criteria and Standards Division / OWRS
(202)260-1315/FTS 260-1315

AMBIENT WATER QUALITY CRTTERIA FOR AQUATIC ORGANISMS

. Freshwater: : -1 • • ' • . - • • ' . . • \ % ' ,
Acute ~ 3.6E+2 ug/L (Arsenic III)
Chronic- 1.9E+2 ug/L (Arsenic HI)



Marine:
•• ' ' ' • ' '' ' -' ' . ' "-Acute - 6.9E+1 ug/L (Arsenic ffl)

Chronic - 3.6E+1 ug/L (Arsenic ffl)

Considers technological or economic feasibility? — NO

Discussion— The criteria given are for Arsenic ffl. Much less data are
available on the effects of Arsenic V to aquatic organisms, but the toxicity
seems to be less. A complete discussion may be found in the referenced
notice.

Reference- 50FR30784(07/29/85) •

EPA Contact - Criteria and Standards Division / OWRS
(202)260-1315 / FTS 260-1315

MAXIMUM CONTAMINANT LEVEL GOAL

Value (status) - 0.05 mg/L (Proposed, 1985) ., .

Considers technological or economic feasibility?— NO

Discussion — An MCLG of 0.05 mg/L for arsenic is proposed based on the
current MCL of 0.05 mg/L. Even though arsenic is potentially carcinogenic in
humans by inhalation and ingestion, its potential essential nutrient value was
considered in determination of an MCLG. The basis for this evaluation is
nutritional requirements by NAS (NAS, 1983, Vol. 5, Drinking Water and
Health, National Academy of Sciences Press, Washington, DC.)

Reference-50FR46936(11/13/85)

EPA Contact- Health and Ecological Criteria Division / OST / ,
(202) 260-7571 / FTS 260-7571; or Safe Drinking Water Hotline / (860) 426-4791

<———-_i——————————————————————————
MAXIMUM CONTAMINANT LEVEL

Value (status) - 0.05 mg/L (Interim, 1980)
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Considers technological or economic feasibility? - YES r
. -. • - - . . - . . . ' • '

Discussion - As an interim measure the U.S. EPA is using the value
previously derived by the Public Health Service.

Monitoring requirements - Ground water systems every three years; surface
water systems annually. ,

Analytical methodology - Atomic absorption/furnace technique (EPA 2062;
SM 304); atomic absorption/gaseous hydride (EPA 206.3; SM 303E; ASTM
D-2972-78B)

Best available technology — No data available.

Reference - 45 FR 57332 (08/27/80); 50 FR 46936 (11/13/85)

EPA Contact - Drinking Water Standards Division / OGWDW /
(202) 260-7575 /FTS 260-7575; or Safe Drinking Water Hotline/(800) 426-4791

IV3.3. SECONDARY MAXIMUM CONTAMINANT LEVEL (SMCL) for Drinking
Water ,

' • . ' . . ' • • ' - . • • • - ' ' ' • ' ' : : - ; ' . - •No data available .

__IV.B.4. REQUIRED MONITORING OF "UNREGULATED" CONTAMINANTS

No data available

SECONDARY MAXIMUM CONTAMINANNO DATA

FIFRA REGISTRATION STANDARD
" . i ' " .

Status-Issued (1988)
• . ' - . . ' " . " . -

Reference - Arsenic, Chromium and Chromated Arsenical Compounds Pesticide
Registration Standard. June, 1988. [NTIS# PB89-102842]

• . ' ; • • ' . • ' • • . - • • - . • ' - • . ' • ' • • • • • • . - '
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EPA Contact-Registration Branch/OPP
(703)557-7760 / FTS 557-7760

Action - Final regulatory decision - PD4 (1988)

Considers technological or economic feasibility? - NO .

Summary of regulatory action-Cancellation of specified non-wood uses.
Registrant of lead arsenate voluntarily canceled 09/87. -Registrant of calcium
arsenate voluntarily canceled 02/14/89. Use of sodium arsenate as aitf bait
canceled on 07/26/89. Criterion of concern: oncogenicity, mutagenicity and
teratogenicity. Previous actions: 1) Voluntary cancellation of sodium
arsenite (1978). Voluntary cancellation of two products. Criterion of
concern: oncogenicity, mutagenicity and teratogenicity; 2)PD4(1984).
Requires label changes for wood use including a restricted use classification.
Criterion of concern: oncogenicity, mutagenicity and teratogenicity; 3)
Voluntary cancellation of copper arsenate (1977). Criterion of concern:
oncogenicity.

Reference - 53 FR 24787 (06/30/88); 43 FR 48267 (10/18/78); 42 FR 18422
(04/07/77); 49 FR 28666 (07/13/84) [NTIS# PB84-241538]; 49 FR 43772
(10/31/84); 50 FR 4269 (01/30/85)

EPA Contact - Special Review Branch / OPP
(703)557-7400/FTS 557-7400 .

REPORTABLE QUANTITIES

Value (status) - 1 pound (Final, 1989)

Considers technological or economic feasibility? - NO

Discussion - The 1-pound RQ for arsenic is based on its potential
Carcinogenicity. Available data indicate a hazard ranking of high based on a
potency factor of 142.31/mg/kg/day and a weight-of-evidence group A, which
corresponds to an RQ of 1 pound. Evidence found in "Water-Related
Environmental Fate of 129 Priority Pollutants" (EPA 440/4-79-029a) also
indicates that this material, or a constituent of this material, is ,



bioaccumulated to toxic levels in the tissue of aquatic and marine organisms,
and has the potential to concentrate in the food chain. Reporting of releases
of massive fonns of this hazardous substance is not required if the diameter
of the pieces released exceeds 100 micrometers (0.004 inches).

Reference-54FR33418(08/14/89)

EPA Contact - RCRA/Superfimd Hotline
(800)424-9346 / (202)260-3000 / FTS 260-3000

TITLE m LISTING NODATA

RCRA REQUIREMENTS

Status - Listed

Reference - 52 FR 25942 (07/09/87)

EPA Contact- RCRA/Superfimd Hotline
(800)424-93467 (202)260-3000 / FTS 260-3000

TOXIC SUBSTANCES CONTROL ACT REQUIREMENTS

No data available
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ASSESSMENT REFERENCES arsenical cancers of the skin and internal organs.

Cancer. 6:347-359.
CARCINOGENICITY Southwick, J., A. Western, M. Beck, et al. 1981,
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CADMIUM

i -mis
NAME - Cadmium
ftN -7440-43-9 ' t , " ' -
IRH -05/21/87 CARI Slope factor corrected
IRH-03/01/88 CAREV Text added
IRH -03/01/88 CARI Text revised
IRH -03/01/88 CARI Confidence statement revised
IRH - 03/01/88 CARDR Secondary contact changed
IRH - 01/01/89 WQCHU Water quality human health criteria added
IRH -01/01/89 WQCAQ Corrected marine acute criterion
IRH - 08/01/89 REFS Bibliography on-line
IRH - 10/D1/89 RDO Oral RfD summary on-line
IRH - KV01/89 OREF Oral RfD references added
IRH - 12/01/89 RDI Inhalation RfD now under review
IRH - 06/01/90 CAA Area code for EPA contact corrected
IRH-06/01/90 RCRA EPA contact changed
IRH - 08/01/90 CAREV Basis statement revised
IRH -08/01/90 CAREV Text revised, paragraph 1 '
IRH-08/01/90 CARO Text revised
IRH -01/01/91 CAR Text edited
IRH - 01/01/91 CARI Inhalation slope factor removed (global change)
IRH - 03/01/91 CAREV Text revised
IRH-03/01/91 CARO Text revised
IRH - 01/01/92 EXSR Regulatory actions updated
IRH - 04/01/92 CAA CAA regulatory action withdrawn
IRH -05/01/92 CARI Number correction in data table
IRH - 06/01/92 CAREV Text revised, paragraph 1
IRH-06/01/92 CAREV Text clarified
IRH - 02/01/94 RD6 Secondary contact changed

1 -IRIS .
NAME OF SUBSTANCE Cadmium
CAS REGISTRY NUMBER 7440-43-9
IRISNUMBER 138
LAST REVISION DATE 940207
UPDATEHISTORY 02/07/94,5 fields
IRIS STATUS Oral RfD Assessment (RDO) on-line 02/01/94
IRIS STATUS Inhalation RfC Assessment (RDI) pending
IRIS STATUS Carcinogenicity Assessment (CAR) on-line 06/01/92
IRIS STATUS Drinking Water Health Advisories (DWHA) no data
IRIS STATUS U.S. EPA Regulatory Actions (EXSR) on-line

04/01/92
IRIS REVISION HISTORY 05/21/87 CARI Slope factor corrected
IRIS REVISION HISTORY 03/01/88 CAREV Text added
IRIS REVISION HISTORY 03/01/88 CARI Text revised
IRIS REVISION HISTORY 03/01/88 CARI Confidence statement revised
IRIS REVISION HISTORY 03/01/88 CARDR Secondary contact changed
IRIS REVISION HISTORY 01/01/89 WQCHU Water quality human health criteria
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IRIS REVISION HISTORY 01/01/89 WQCAQ Corrected marine acute criterion "X
IRIS REVISION HISTORY 08/01/89 REFS Bibliography on-line , ,
IRIS REVISION HISTORY 10/01/89 RDO Oral RfD summary on-line r̂'
IRIS REVISION HISTORY 1QAH/89 OREF Oral RfD references added
IRIS REVISION HISTORY 12/01/89 RDI Inhalation RfD now under review
IRIS REVISION HISTORY 06/01/90 CAA Area code for EPA contact corrected
IRIS REVISION HISTORY 06701/90 RCRA EPA contact changed
IRIS REVISION HISTORY 08/01/90 CAREV Basis statement revised
IRIS REVISION HISTORY 03/01/90 CAREV Text revised, paragraph 1
IRIS REVISION HISTORY 08/01/90 CARO Text revised
IRIS REVISION HISTORY 01/01/91 CAR Text edited
IRIS REVISION HISTORY 01/01/91 CARI Inhalation slope factor removed

(global change)
IRIS REVISION HISTORY 03/01/91 CAREV Text revised
IRIS REVISION HISTORY 03/01/91 CARO Text revised
IRIS REVISION HISTORY 01/01/92 EXSR Regulatory actions updated
IRIS REVISION HISTORY 04/01&2CAA CAA regulatory action withdrawn
IRIS REVISION HISTORY 05/01/92 CARI Number correction in data table
IRIS REVISION HISTORY 06701/92 CAREV Text revised, paragraph 1
IRIS REVISION HISTORY 06701/92 CAREV Text clarified
.IRIS REVISION HISTORY 02/01/94 RDO Secondary contact changed
RECORD LENGTH 20060
SYNONYMS CX 77180
SYNONYMS Cadmium
SYNONYMS KADMIUM

REFERENCE DOSE FOR ORAL EXPOSURE
o ORAL RFD SUMMARY:

Critical Effect Experimental Doses* UF MF RfD

Significant NOAEL (water): 0.005 10 1 5E-4
proteinuria mg/kg/day mg/kg/day

(water)
Human studies ,
involving chrome NOAEL (food): 0.01 10 1 IE-3
exposures mg/kg/day mg/kg/day

(food)
U.S. EPA, 1985

•Conversion Factors: See text for discussion

o ORAL RFD STUDIES:

U.S.EPA. 1985. Drinking Water Criteria Document on Cadmium. Office of
Drinking Water. Washington, DC. (Final draft)

A concentration of 200 ug cadmium (CdVgm wet human renal cortex is the
highest renal level not associated with significant proteinuria (U.S. EPA,
19̂). A toxicokinctic 'model is available to determine the level of chronic
hucian oral exposure (NOAEL) which results in 200 ug Cd/gm wet human renal
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cortex; the model assumes that 0.01% day of the Cd body burden is eliminated
per day (U5.EPA, 1985). Assuming 2̂ % absorption of Cd from food or 5% &x)m
water, the toxicokinetic model predicts that the NOAEL for chronic Cd exposure
is 0.005 and 0.01 mg Cd/kg/jiay from water and food, respectively (Le.. levels
which would result in 200 ug Cd/gm wet weight human renal cortex). Thus,
based on an estimated NOAEL Of 0.005 mg Cd/kg/day for Cd in drinking water and
an UF of 10, an RfD of 0.0005 mg Cd/kg/day (water) was calculated; in
equivalent RfD for Cd in foo4 is 0.001 mg Cdflcg/day (see Section ViA.for
references). -

o ORAL RFD UNCERTAINTY :

UF — Tnis uncertainly factor is used to account for intrahuman variability to
the toxicity of this chemical in the absence of specific data on sensitive
individuals. .

o ORAL RFD MODIFYING FACTOR:

MF-Npne ' „ '

o ORAL RFD COMMENTS:

Cd is unusual in relation to most, if not all, of the substances for which an •
oral RfD has been determined in that a vast quantity of both human and animal
toxicity data are available. The RfD is based on the highest level of Cd in
the human renal cortex (Le., the critical level) not associated with
significant proteinuria (Le., the critical effect). A toxicokinetic model
has been used to determine the highest level of exposure associated with the
lack oft critical effect Since the traction of ingested Cd that is absorbed
appears to vary with the source (e.g., food vs. drinking water), it is
necessary to allow for this difference in absorption when Using the
toxicokinetic model to detennine an RfD.
-„„,,_,,,,, i i i ii ', li,,, ,J,mmmm .-•••. i i ...••-,•• i .. i i — i-m^nmfmmfmm I I . I I i --•---•

o ORAL RFD CONFIDENCE :

Study - Not applicable
Data Base - High
RfD -High

The choice of NO AEL does not reflect the information from any single study.
Rather, it reflects the data obtained from many studies on thetoxkityof
cadmium in both humans and animals. These data also permit calculation of
pfaarmacokinetic parameters of cadmium absorption, distribution, metabolism and
elimination. All of this information considered together gives high
confidence in the data base. High confidence in either RfD follows as well

o ORAL RFD SOURCE DOCUMENT : ' i
Source Document -U.S. EPA, 1985 ,

Other EPA Documentation -None .

%̂
"
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o REVIEW DATES : 05/15/86,08/19/86,09/17/87,12/15/87,
01/20/88,05/25/83

o VERIFICATION DATE :Q5/25/8S
o EPA CONTACTS:

Ken Bailey / OST - (202)260-5535

Yogi Patel / OST ~ (202)260-5849

REFERENCE DOSE FOR INHALATION EXPOSURE
o INHALATION RFD SUMMARY:

! -

A risk assessment for this substance/agent is under review by an EPA work
group.

oREVIEWDATES : 11/16789
EVIDENCE FOR HUMAN CARONOGENICITY
o CLASSIFICATION : Bl; probable human carcinogen
o BASIS FOR CLASSIFICATION : Limited evidence from occupational

epidoniologic studies of cadmium is
consistent across investigators and study
populations. There is sufficient evidence of
Carcinogenicity in rats and mice by
inhalation and intramuscular and subcutaneous
injection. Seven studies in rats and mice
wherein cadmium salts (acetate, sulfate,
chloride) were administered orally have shown
.no evidence of carcinogenic response.

o HUMAN CARONOGENICTTY DATA :

T.imifrd A 2-fold excess risk of lung cancer was observed in cadmium smelter
workers. The cohort consisted of 602 white males who had been employed in
production work a minimum of 6 months during the years 1940-1969. The
population was followed to the end of 1978. Urine cadmium data available for
261 workers employed after 1960 suggested a highly exposed population. The
authors were able to ascertain that the increased lung cancer risk was
probably not due to the presence of arsenic or to smoking (ThunetaL, 1985).
An evaluation by the Carcinogen Assessment Group of these possible confounding
factors has indicated that the assumptions and methods used in accounting for
them appear to be valid. As the SMRs observed were tow and there is a lack of
clear cut evidence of a causal relationship of the cadmium exposure only, this
study is considered to supply limited evidence of human Carcinogenicity.

An excess lung cancer risk was also observed in three other studies which
were, however, compromised by the presence of other carcinogens (arsenic,
smoking) in the exposure or by t small population (Vainer, 1983; Sorahan and
Waterfaouse,-1983; Armstrong and Kazantzis, 1983).



Four studies of workers exposed to cadmium dust or fumes provided evidence of
t statistically significant positive association with prostate cancer (Kipling
and Waterhouse, 1967; Lemen et al., 1976; Holden, {980; Sorahan and
Waterhouse, 1983), but the total number of cases was small in each study. The
Thun et si (1985) study is an update of an earlier study (Lemen et aL, 1976)
and does not show excess prostate cancer risk in these waters. Studies of
human ingestion of cadminm are inadequate to assess Carcinogenicity.

o ANIMAL CARCINOGENICrrY DATA:

Exposure of "Wistar rats by inhalation to cadmium as cadmium chloride at
concentrations of 12.5,25 and 50 ug/cujn for 18 months, with an additional
13-month observation period, resulted in significant increases in lung tumors
(Takenaka et al., 1983). Intratracheal instillation of cadmium oxide did not •-
produce lung tumors in Fischer 344 rats but rather mammary tumors in males and
tumors at multiple sites in males (Sanders and Mahaffey, 1984). Injection
site tumors and distant site tumors (for example, testicular) have been
reported by a number of authors as a consequence of intramuscular or
subcutaneous administration of cadmium metal and chloride, sulfate, oxide and
sulfide compounds of cadmium to rats and mice (U.S. EPA, 1985). Seven studies
in rats and mice where garfmimji gaits (acetate, sulfate, chloride) were
administered oraUy have ihown no evidence of a carcinogenic response.

o SUPPORTING DATA: V

Results of mutagenicity tests in bacteria and yeast have been inconclusive.
Positive responses have been obtained in mutation assays in Chinese hamster
cells (Dona and V79 lines) and in mouse fymphoma cells (Casto, 1976; Ochi and
Ohsawa, 1983; Oberly et al., 1982).

Conflicting results have been obtained in assays of chromosomal aberrations in
human lymphocyte'si treated in vitro or obtained from exposed workers. Cadmium
treatment in vivo or in vitro appears to interfere with spindle formation and
to result in aneuploidy in germ cells of mice and hamsters (Shimada et al., '
1976; WatanabeetaL, 1979; Gilliavod and Leonard, 1975).

ORAL EXPOSURE CARCINOGENIOTY ASSESSMENT
o CLASSIFICATION :B1; probable human carcinogen
o BASIS FOR CLASSIFICATION : Limited evidence from occupational

epidemiologic studies of cadmium is
consistent across investigators and study
populations. There is sufficient evidence of

• Carcinogenicity in rats and mice by '
inhalation and intramuscular and subcutaneous

- injection. Seven studies in rats and mice
wherein cadmium salts (acetate, sulfate,
chloride) were administered orally have shown -
no evidence of carcinogenic response.
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)0 ORAL DOSE-RESPONSE DATA:

Not available. There are no positive studies of orally ingested cadmium
suitable f or quantitan'on. • .

INHALATION EXPOSURE CARONOGENIOTY ASSESSMENT
o CLASSIFICATION ' :B1; probable human carcinogen
o BASIS FOR CLASSIFICATION : Limited evidence from occupational

epidemiologic studies of cadmium is '
consistent across investigators and study
populations. There is sufficient evidence of
Carcinogenicity hrati and mice by
inhalation and intramuscular and subcutaneous
injection. Seven studies In rats and mice
wherein cadmium salts (acetate, sulfate,
chloride) were administered orally have shown
no evidence of carcinogenic response.

o INHALATION UNITRISK : 1.8E-3 per (ug/cujn)
o DOSE EXTRAPOLATION METHOD : Two stage; only first affected by exposure;

extrmrisk
o RISK/AIR CONCENTOATIONS:

• ' '. •
Air Concentrations at Specified Risk Levels: .

Risk Level Concentration

E-4(l in 10,000) 6E-2ug/cujn
E-5 (1 in 100,000) 6E-3ug/cujn
E-6(l in 1,000.000) 6E-4ug/oun

o INHALATION DOSE-RESPONSE DATA:

Tumor Type— lung, trachea, bronchus cancer deaths
Test Animals - human/white male
Route—inhalation, exposure in the workplace
Reference-limn etal., 1985 . . -

No. of Expected Observed No.
Lung, Trachea and of Deaths

Cumulative 24 hour/ Bronchus Cancers (lung, trachea.
Exposure Median ug/cujn Assuming No bronchus
(mg/day/cujn) Observation Equivalent Cadmium Effect cancers)

168 177 2

585-2920 1210 727 4.61 7
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greaterthan
or equal to ' / ' • "
2921 4200 2522 230 7

'• • ' \ ,i ""~ • ' ' ••
The 24-hour equivalent = median observation x IEf 3 x 8/24 x 1/365 x 240/365.

o ADDITIONAL COMMENTS:> • ' ' ' '
The unit risk should not be used if the air concentration exceeds 6 ug/ciun,
since above this concentration the unit risk may not be appropriate.

o DISCUSSION OF CONFIDENCE:

The data were derived from a relatively large cohort Effects of arsenic and
smoking were accounted for in the quantitative analysis for cadmium effects.

An inhalation unit risk for cadmium based on the lakenaka et al (1983)
1 analysis is 9.2E-2 per (ng/citm). While this estimate is higher than that
derived from human data (1.8E-3 per (ug/cujn)] and thus more conservative, it
was felt that the use of available human data was more reliable because of
species variations in response and the type of exposure (cadmium salt vs.
cadmium fume and cadmium oxide).

CARONOGENICITY ASSESSMENT DOCUMENTATION AND REVIEW
o CARCINOGENICrrY SOURCE:

Source Document - U.S. EPA, 1985

The Addendum to C&e Cadmium Health Assessment has received both Agency and
external review. .
DOCUMENT .

o REVIEW DATES : 11/12/86
0 VERIFICATION DATE : 11/12/86
o EPA CONTACTS:

William E Pepclko / OHEA - (202)260-5904

David Bayliss/ OHEA - (202)260-5726

ONE-DAY HEALTH ADVISORY NODATA

TEN-DAY HEALTH ADVISORY NODATA

LONGER-TERM CHILD HEALTH ADVNO DATA

LONGER-TERM ADULT HEALTH ADVNO DATA



ORGANOLEPT1C PROPERTIES NO DATA

DRINIONO WATER ANALYTICAL PRNO DATA

DRINKINO WATER TREATMENT NO DATA

CLEAN AIR ACT REQUIREMENTS NODATA

AMBIENT WATER QUALITY CRTIERIA FOR HUMANS

Water and Fish Consumption: lE+lug/L

Fish Consumption Only: None

Considers technological or economic feasibility?-NO '

Discussion — The criteria is the same as the existing standard for drinking
water. .

Reference-45FR79318(11/28/80)

EPA Contact- Criteria and Standards Division/OWRS
(202)260-1315 / FTS 260-1315

AMBIENT WATER QUALITY CRTOERIA FOR AQUATIC ORGANISMS

Freshwater .

Acute - 3.9E+0 ug/L (1-hour average)
Chronic- 1.1E+0 ug/L (4-day average)

Marine: .
1 ( . " . . . • •

Acute- 4.3Bflug/L(l-houraverage)
Chronic - 9.3E+0 ug/L (4-day average)

Considers technological or economic feasibility?— NO
/ . ' • ' i

Discussion - Criteria were derived from a minimum data base consisting of
acute and chronic tests on a variety of species. The freshwater criteria
are hardness dependent Values given here are calculated at a hardness of
100 mg/L CaCO3. A complete discussion can be found in the referenced notice.

Reference- 50FR30784(07/29/85)
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EPA Contact - Criteria and Standards Division / OWRS
(202)260-1315/FTS 260-1315

MAXIMUM CONTAMINANT LEVEL GOAL

Value (status)- 0.005 mg/L (Final, 1991) ,

Considers technological or economic feasibility? — NO

Discussion- Cadmium has been classed as a Category ffi contaminant with an
MCLG of 0.005 mg/L based upon reports of renal toxicity in humans. The MCLG
is based upon a DWEL of 0.018 mg/L and an assumed drinking water contribution
(plus aquatic organisms) of 25 percent. An uncertainty factor of 10 was also
applied. •

Reference- 56FR3526(01/30/91)

EPA Contact*- Health and Ecological Criteria Division/ OST/
(202) 260-7571 / FTS 260-7571; or Safe Drinking Water Hotline / (800) 426-4791

MAXIMUM CONTAMINANT LEVEL

Value (status) - 0.005 mg/L (Final, 1991)

Considers technological or economic feasibility? - YES

Discussion - EPA has promulgated an MCL equal to the established MCLG
of 0.005 mĝ -.

Monitoring requirements - Ground water systems monitored every three years;
surface water systems monitored annually; systems out of compliance must begin
monitoring quarterly until system is reliably and consistently below MCL.

Analytical methodology - Atomic absorption/furnace technique (EPA 213.2;
SM 304); inductively coupled plasma (200.7): PQL» 0.002 mg/L.

Best available technology - Coagulation/filtration; ion exchange; lime
softening;
and reverse osmosis. , .

Reference-56FR3526(01/30/91)

EPA Contact - Drinking Water Standards Division / OGWDW /
(202) 260-7575 / FTS 260-7575; or Safe Drinking Water Hotline / (800) 426-4791



_ JTV.B.3. SECONDARY MAXIMUM CONTAMINANT LEVEL (SMCL) for Drinking Water

No data available

.4. REQUIRED MONITORING OF "UNREGULATED" CONTAMINANTS

No data available . " .

FIFRA REGISTRATION STANDARD

Status - Voluntary Cancellation [cadmium chloride] (1990)

Reference-55 FR 31227 (08̂01/90)

EPA Contact-Registration Branch/OPP
(703)557̂7760 / FTS 557-7760

FIFRA SPECIAL REVIEW / . - • . . " • '
Action-Termination of Special Review (1991) . .

Considers technological or economic feasibility? — YES

Summary of regulatory action - AH uses of cadmium pesticides cancelled;
Criterion of concern: oncogenkity. mutagenicity, teratogenicity, and
fetotoxicity. '

Reference- 56FR 14522(04/10/91)

EPA Contact-Special Review Branch/OPP '
(703)557-7400 / FTS 557-7400

REPORTABLE QUANTTTIES

Value (status)- 10pounds (Final. 1989)

Considers technological w economic feasibility? - NO

Discussion - The RQ for cadmium is 10 pounds, based on potential
Carcinogenicity. Available data indicate i hazard ranking of medium.
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based on a potency factor of 57.87/mg/kgAiay and wcight-of-evidence group
B1, which corresponds to an RQ of 10 pounds. Caifanium has also been found
to bioaccumulate in the tissues of aquatic and marine organisms, and has
the potential to concentratein the food chain. Reporting of releases
of massive forms of this hazardous substance is not required if the diameter
of the pieces released exceeds 100 micrometers (0.004 inches).

1 Reference - 54 FR 33418 (08/14/89)

EPA Contact - RCRA/Superfund Hotline
(800)424-9346 / (202)260-3000 / FTS 260-3000 •

TITLE HI LISTING NODATA

RCRA REQUIREMENTS

Status - Listed

Reference - 52 FR 25942 (07/09/87)

EPA Contact- RCRA/Snperfund Hotline
(800)424-9346 / (202)260-3000 / FTS 260-3000

TOXIC SUBSTANCES CONTROL'ACT REQUIREMENTS

No data available

ORAL REFERENCE DOSE Foulkcs.E-C. 1986. Absorption of cadmium. In:
REFERENCES Handbook of Experimental Pharmacology. EC.

Foulkes, Ed. Springer Veriag, Berlin. VoL 80, p.
75-100.

ORAL REFERENCE DOSE Friberg, L., M. Piscator. G f. Nordberg and T.
REFERENCES Kjellstrom 1974. Cadmium in the environment, 2nd

__ ed. CRC Press, Inc., Boca Ratoii, FL. .
ORAL REFERENCE DOSE Shaikh, ZA. and J.C. Smith. 1980. Metabolism of
REFERENCES orally ingested cadmium in humans. In: Mechanisms

of Toxicity and Hazard Evaluation, B. Holmstedt et
al., Ed. Elsevier Publishing Co., Amsterdam, p.
569-574.

ORAL REFERENCE DOSE U.S. EPA. 1985. Drinking Water Criteria Document
REFERENCES on Cadmium. Office of Drinking Water, Washington,

DC. (Final draft)
ORAL REFERENCE DOSE WHO (World Health Organization). 1972. Evaluation
REFERENCES of certain food additives and the contaminants
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mercury, lead, and cadmium. Sixteenth Report of .
the Joint FAO/WHO Expert Committee on Food '
Additives. WHO Technical Report Series No. 505,
FAO Nutrition Meetings Report Series No. 51. - '""•','
Geneva, Switzerland. .• ' -

ORAL REFERENCE DOSE WHO (World Health Organization). 1984. Guidelines
REFERENCES for drinking water quality— recommendations. '

Vol. 1. Geneva, Switzerland. .
INHALATION REFERENCE DOSE None
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cadmium aerosols in Wistar rats. J. Natl. Cancer
fast 70: 367-373.

CARCINOGENICTTY Thun, MJ., T.M. Schnorr. A.B. Smith and W£.
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ASSESSMENT REFERENCES Halperin. 1985. Modality among t cohort o?U.S.
; , cadmium production workers: An update. J. Natl. ' ' • " • "

Cancer fast 74(2): 325-333.
CARCINOGENICrrY US. EPA. 1985. Updated Mutagenicity and
ASSESSMENT REFERENCES Caicinogenicity Assessment of raHmiiim. Addendum to

the Health Assessment Document for Cadmium (EPA
60CVB-Bl-023). EPA 60OT-83-025F.

CARCINOGENICITY Varner, M.O.1983. Updated epidemiologic study of
ASSESSMENT REFERENCES cadmium smelter workers. Presented at the Fourth

International Quhnium Conference. Unpublished.
CARQNOGENICITY WatanabctT.,T.Shimadaafld A,Endo. 1979.
ASSESSMENT REFERENCES Mutagenic effects of cadmium on mammalian oocyte

chromosomes. Mutat Res. 67:349-356.
HEALTH ADVISORY None
REFERENCES
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IRIS* CHLORDANE

1 - IRIS ..
NAME OF SUBSTANCE Chlordane
CAS REGISTRY NUMBER 57-74-9
miSNUMBER 139
LAST REVISION DATE 930701
UPDATE HISTORY 07/01/93, 6 fields
IRIS STATUS Oral RfD Assessment (RDO) on-line 07/01/89
tRIS STATUS Inhalation RfC Assessment (RDI) pending
IRIS STATUS Carcinogenicity Assessment (CAR) on-line 07/01/93
IRIS STATUS Drinking Water Health Advisories (DWHA) on-line

08/01/90
IRIS STATUS U.S. EPA Regulatory Actions (EXSR) on-line

01/01/92
IRIS REVISION HISTORY 09/30/87 CAR Carcinogenicity section added
IRIS REVISION HISTORY 03/01/88 RDO Dose conversion clarified
IRIS REVISION HISTORY 03/01/88 RDO Text clarified in paragraph 3
IRIS REVISION HISTORY 03/01/88 CAREV Basis for classification clarified
IRIS REVISION HISTORY 03/01/88 HADV Health Advisory added
IRIS REVISION HISTORY 04AU/89 RDO Withdrawn; new RfD verified (in

preparation)
IRIS REVISION HISTORY 06/01/89 RDO Revised oral RiD summary added
IRIS REVISION HISTORY 06701/89 REFS Bibliography on-line
IRIS REVISION HISTORY 07/01/89 RDO Reference clarified in paragraph 2
IRIS REVISION HISTORY 07/01/89 CAR Velsicol( 1983) references clarified
IRIS REVISION HISTORY 07/01/89 CREF Carcinogen references added
IRIS REVISION HISTORY 03/01/90 RDI Inhalation RfD now under review
IRIS REVISION HISTORY 08/01/90 HALIF DWEL changed reflecting change in

' ' '
IRIS REVISION HISTORY 08/01/90 HADR Primary contact changed
IRIS REVISION HISTORY 08/01/90 RCRA EPA contact changed
IRIS REVISION HISTORY 01/01/91 CAR Text edited
IRIS REVISION HISTORY 01/01/91 CARI Inhalation slope factor removed

(global change)
IRIS REVISION HISTORY 01/01/92 EXSR Regulatory actions updated
IRIS REVISION HISTORY 07/01/93 CARDR Secondary contact's phone number

- • changed
RECORD LENGTH 27242
SYNONYMS Belt
SYNONYMS CD68
SYNONYMS Chlordane '



SYNONYMS Chlorindan
SYNONYMS ChlorKil
SYNONYMS , Coiodah
SYNONYMS DowcWor
SYNONYMS ENT9.932
SYNONYMS , HCS3260
SYNONYMS Kypchlor
SYNONYMS M140
SYNONYMS M410
SYNONYMS 4,7-Mcthanoindan,

l,2A5,6,7,8t8-Octachloro-3a,4,7Ja-Tetrahydro-
SYNONYMS 4,7-Methano-lH-Indene,

SYNONYMS NCI-C00099
SYNONYMS Nkan
SYNONYMS Octachlorodihydiodicyclopentadiene
SYNONYMS lt2,4,5,6,7,8,8-OctachIoro-2,3,3a,4t7,7a-Hexahydro

-4,7-Methano-indene
SYNONYMS l,2,44,6t7,8,8-Oĉ acWpro-3a,4f7t7a-Hexahydro-4,7 .

-Methylene Indane
SYNONYMS ,- OctacMoro-4f7-Methanohydroindane
SYNONYMS Octachloro-4J-Methanotetrahydroindane
SYNONYMS Octa-Klor ^ ;
SYNONYMS Oktaterr ^̂
SYNONYMS Ortho-Klor
SYNONYMS Synklor ,
SYNONYMS TATChlor4
SYNONYMS Topiclor
SYNONWIS Toxichlor ' '
SYNONYMS Velsicoll068

REFERENCE DOSE FOR ORAL EXPOSURE
o ORAL RFD SUMMARY:

Critical Effect Experimental Dbses* UF MF RfD

Regional liver NOEL: 1 ppm 1000 1 6E-5
hypertrophy in females (0.055 mg/kg/day) mg/kg/day

30-Month Rat Feeding LEL: 5 ppm
Study (0.273 mg/kg/day)

Velsicol Chemical Co.,
1983a
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*Conversion Factors: Actual dose tested

o ORAL RFD STUDIES:

Vclsicol Chemical Company. 1983a.MRID No. 00138591,00144313. Available
from EPA. Write to FOI, EPA, Washington, DC 20460.

Charles River Fischer 344 rats (80/sex/dose) were fed technical chlordane at
dietary levels of 0,1,5, and 25 ppm for 130 weeks. Body weight, food
consumption, and water uptake were monitored at regular intervals. Clinical
laboratory studies were performed and organ weights measured on eight
animals/sex/group at weeks 26 and 52, and on all survivors at week 130. Gross
and microscopic pathology were performed on all tissues. Daily dose level of
0.045,0.229, and 1.175 mg/kg/day for males and 0.055,0273, and 1.409
mg/kg/day for females for the 1,5, and 25 ppm treatment groups, respectively,
were calculated from food consumption and body weight data.

Following the submission of a 30-month chronic feeding/oncogenicity study in
Fischer 344 rats, the Agency reviews by the Office of Pesticides Programs and
the Cancer Assessment Group of these data indicated that male rats at the
highest dosage exhibited an increase in liver tumors (ICF Clement, 1987). The
registrant, Velsicol Chemical Company, subsequently convened the Pathology
Working Group to rccvaluate the slides of Uvers of the chlordane-treated rats
reported in MRID No. 00138591. It was concluded that liver lesions had not
occurred in male rats and that 25 ppm (0.1175 mg/kg/day) was the NOEL for
males. Liver lesions (hypertrophy), however, had occurred in female rats at 5
ppm (0.273 mg/kg/day), which was considered an LEL. Therefore an NOEL of 1
ppm (0*055 mg/kg/day) (LDT) was established for female rats.

o ORAL RFD UNCERTAINTY: . . . . ' ' /
UF — An uncertainty factor of 100 was used to account for the inter- and
intraspecies differences. An additional UF of 10 was used to account for the
lack of an adequate reproduction study and adequate chronic study in a second
mammalian species, and the generally inadequate sensitive endpoints studied in
existing Studies, particularly since chlordane is known to bioaccumulate over
a chronic duration.

o ORAL RFD MODIFYING FACTOR:

MF — None

o ORAL RFD COMMENTS :
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Data Considered for Establishing the RfD

1) 30-Month Feeding (oncogenic)* rat: Principal study - see previous
description; core grade minimum

2) 24-Month Chronic Toxicity - mouse: NOEL=1 ppm (0.15 mg/kg/day); LEL=5 ppm
(0.75 mg/kg/day) (hepatocellular swelling and necrosis in males; hepatocyte
swelling in males, and increased live weight in males and females); At 12.5
ppm (1.875 mg/kg/day) (HDT); core grade minimum (Vclsicol Chemical Co., 1983b)

Data Gap(s): Chronic Dog Feeding Study, Rat Reproduction Study, Rat
Teratology Study, Rabbit Teratology Study

o ORAL RFD CONFIDENCE:

Study - Medium .
DataBase-Low
RfD-tow

The critical study is of adequate quality and is given a medium rating. The '
data base is given a low confidence rating because of 1) the lack of an
adequate reproduction study and adequate chronic study in a second mammalian
species and 2) inadequate sensitive endpoints studied in existing studies,
particularly since chlordane is known to bioaccumulale over a chronic
duration. Low confidence in the RfD follows.

o ORAL RFD SOURCE DOCUMENT :

Source Document -- This assessment is not presented in any existing U.S. EPA
document

Other EPA Documentation - Pesticide Registration Standard, November 1986;
Pesticide Registration Hies

o REVIEW DATES : 12/18/85,03/22/89
o VERIFICATION DA1B : 03/22/89
o EPA CONTACTS:

George Ghali/OPP - (703)557-7490

William Burnam/OPP - (703)557-7491
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REFERENCE DOSE FOR INHALATION EXPOSURE
o INHALATION RFD SUMMARY:

A risk assessment for this substance/agent is under review by an EPA work
group.

oREVIEWDATES •: 02/22/90
EVIDENCE FOR HUMAN CARCINOGENICITY
o CLASSIFICATION : B2; probable human carcinogen
o BASIS FOR CLASSIFICATION : Sufficient evidence in studies in which

benign and malignant liver tumors were ' .
induced in four strains of mice of both sexes
and in F344 male rats; structurally related
to other liver carcinogens

o HUMAN CARCINOGENICrrY DATA:

'Inadequate. There were 11 case reports involving central nervous system
effects, blood dyscrasias and neuroblastomas in children with preVpostnatal
exposure to chlordane and heptachlor (Infante et al., 1978). As no other
information was available, no conclusions can be drawn.

There were three epidemiologic studies of workers exposed to chlordane
and/or heptachlor. One study of pesticide applicators was considered
inadequate in sample size and duration of follow-up. This study showed
marginal statistically significant increased mortality from bladder cancer (3
observed) (Wang and McMahon, 1979a). The other two studies were of pesticide
manufacturing workers/Neither of them showed any statistically significantly
increased cancer mortality (Wang and McMahon, 1979b; Ditraglia et al., 1981).
Both these populations also had confounding exposures from other chemicals.

Sufficient Chlordane has been studied in four mouse and four rat long-
term carcinogenesis bioassays. Dose-related incidences of liver carcinoma
constitute the major finding in mice. Becker and Sell (1979) tested chlordane
(90:10 mixture of chlordane to heptachlor) in C57B1/6N mice, a strain
historically known not to develop spontaneous liver tumors. An unspecified
number of mice were fed chlordane at 0,25 and 50 ppm (0,3.57,7.14 mg/kg bw)
for 18 months. None of the controls developed tumors or nodular lesions of
the liver. Twenty-seven percent (16 mice) of the surviving treated mice
developed primary hepatocellular carcinomas. Velsicol (1973) fed groups of
100 male and 100 female CD-1 mice diets with 0,5,25 or 50 ppm analytical
grade chlordane for 18 months. A significant (p<0.01) dose-related increase

• in nodular hyperplasias in the liver of male and female mice was reported at
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the the two highest dose levels. A histological review by Reuber (U.S. fePA,
1985) reported a high incidence (p<0.01) of hepatic carcinomas instead of ~ N
hyperplastic nodules at 25 and 50 ppm. j

A dose-related increase (p<0.001 after lifetable adjustment) of
hepatocellular carcinomas was also observed in both sexes of B6C3F1 mice (NCI,
1977). Male and female mice were fed technical-grade chlordane (purityV*
94.8%) at TWA concentrations (TWAQ of 29.9 and 56.2 ppm and 30.1 and 63.8 '
ppm, respectively, for 80 weeks. In this study there were individual matched . •
controls for the low and high dose groups. ICR male mice developed
hepatocellular adenomas and hemangiomas when fed 12.5 ppm chlordane for 24
months. No tumors were observed in the female mice when tested at the same
concentrations: 0,1,5, and 12.5 ppm (Velsicol, 1983a). -

Velsicol (1983b) reported a long-term (130 weeks) carcinogenesis bioassay :
on 80 male and 80 female F344 rats fed concentrations of 0,1,5, and 25 ppm
chlordane* A significant increase in adenomas of the liver was observed in
male rats receiving 25 ppm. Although no tumors were observed in female rats,
hepatocellular swelling was significantly increased at 25 ppnt The NCI (1977)
reported a significant increase (p<0.05) of neoplastic nodules of the liver in •
low-dose Osborne-Mendel female rats (TWAC of 120.8 ppm) but not in the high-
dose group (TWAC of 2415 ppm). No tumor incidence was reported for the males
fed TWAC of 203.5 and 407 ppm. Loss of body weight and a dose-related j.
increase in mortality was observed in all treated groups. High mortality and \J
reduced growth rates in Osborne-Mendel rats was also observed by Ingle (1952)
when the rats were exposed to 150 and 300 ppm chlordane but not at 5,10, and
30 ppm. No treatment-related incidence of tumors was reported. Significantly
enlarged livers and liver lesions were found in male and female albino rats
fed chlordane at greater than or equal to 80 ppm (Ambrose et al., 1953a,b).
No treatment-related increase in tumors was found, but the study duration (400
days) was short

o SUPPORTING DATA:

Gene mutation assays indicate that chlordane is not mutagenic in bacteria
(WildemanandNazar, 1982; Probst etal., 1931; Gentile etal., 1982).
Positive results have been reported in Chinese hamster lung V79 cells and
mouse lymphoma L5178Y cells with and without exogenous metabolism, as well as
in plant assays. Chlordane did not induce DNA repair in bacteria, rodent
hepatocytes (Maslansky and Williams, 1981), or human lymphoid cells (Sobti et
al., 1983). It is a genotoxicant in yeast (Gentile et al., 1982; Chambers and
Dutta, 1976), human fibroblasts (Ahmed et al., 1977), and fish (Vigfusson et
al.,1983).

Five compounds structurally related to chlordane (aldrin, dieldrin,



heptachlor, heptachlor epoxide, and chlorendic acid) have produced liver
tumors in mice. Chlorendic acid has also produced liver tumors in rats.

ORAL EXPOSURE CARCINOGENICrrY ASSESSMENT
o CLASSIFICATION ; B2; probable human carcinogen
o BASIS FOR CLASSIFICATION Sufficient evidence in studies in which

- benign and malignant liver tumors were
Induced in four strains of mice of both sexes
and in F344 male rats; structurally related .
to other liver carcinogens . ,

o ORAL SLOPE FACTOR : 1.3E40per(mg/kgyday
b DRINKING WATER UNIT RISK : 3.7E-5 per (ug/L)
o DOSE EXTRAPOLATION METHOD : Linearized multistage procedure, extra risk
o RISK/WATER CONCENTRATIONS:- . • • , ' , " - . \ -
Drinking Water Concentrations at Specified Risk Levels:

Risk Level Concentration ' ' • " . . .

E-4 (1 in 10,000) 3E+0 ug/L
, E-5 (1 in 100,000) 3E-1 ug/L

V-x E-6 (1 in 1,000,000) 3E-2 ug/L

o ORAL DOSE-RESPONSE DATA:

Tumor Type - hepatocellular carcinoma
Test Animals ~ mouse/CD-I (Velsicol); mouse/B6C3Fl (NCI)
Route-diet

. Reference-Velsicol, 1973; NCI, 1977

Administered Human Equivalent Tumor
Dose (ppm) Dose (mg/kg-day) Incidence Reference

female
0 0.000 0/45 Velsicol,
5 0.052 0/61 1973

* 25 0.260 32/50
50 0.520 26737

male
0 0.000 3/33 Velsicol, ,
5 0.052 5/55 1973
25 0.260 , 41/52
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50 0.520 32/39

male
0 0.00 2/18 NCU977
29.9 0.31 16/48
56.2 0.58 \ 43/49 .

female .
0 0.00 0/19 NCI, 1977
30.1 0.31 3/47
63.8. 0.66 34/49

o ADDITIONAL COMMENTS:

Four data sets for mice and one data set for rats showed a significant
increase in liver tumors; namely hepatocellular carcinomas in mice (NCI, 1977;
Velsicol, 1973) and hepatocellular adenomas in rats (Velsicol, 1983a). The
quantitative estimate is based on the geometric mean from the four mouse data
sets as mice were the more sensitive species tested and as risk estimates for
a similar compound (heptachlor) were similarly derived from mouse tumor data.
The slope factors for the data sets are these: 2.98 per (mg/kg)/day for CD-1
female mice, 4.74 per (mg/kg)/day for CD-1 male mice, 0.76 per (mg/kg)/day for
B6C3F1 male mice, and 0.25 per (mg/kg)/day for B6C3F1 female mice. Low and
high dose groups in the NCI (1977) study had individual matched controls.

The unit risk should not be used if the water concentration exceeds 300
ug/L, since above this concentration the unit risk may not be appropriate.

o DISCUSSION OF CONFIDENCE :

Liver carcinomas were induced in mice of both sexes in two studies. An
adequate number of animals was observed, and dose-response effects were
reported in all studies. The geometric mean of slope factors (0.25 to
4.74 per (mg/kg)/day for the most sensitive species is consistent with that
derived from rat data (1.11/mg/kg/day). .̂ .

INHALATION EXPOSURE CARONOGENICTTY ASSESSMENT
o CLASSIFICATION : B2; probable human carcinogen
o BASIS FOR CLASSIFICATION : Sufficient evidence in studies in which

,. ., benign and malignant liver tumors were
. induced in four strains of mice of both sexes

and in F344 male rats; structurally related
. to other liver carcinogens ^

' '
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o INHALATION UNIT RISK :3.7E-4per(ug/cu.m)
o DOSE EXTRAPOLATION METHOD :Linearized multistage procedure, extra risk
o RISK/AIR CONCENTOATIONS:

' • _ ' ' ' ' i . " . " ^ / • ' " , . . .
Air Concentrations at Specified Risk Levels:

Risk Level Concentration

E-4 (1 in 10,000) 3E-1 ug/cu.m
E-5 (1 in 100,000) 3E-2 ug/cu.m
E-6(l in 1,000,000) 3E-3ug/cu.m

o INHALATION DOSE-RESPONSE DATA:

The inhalation risk estimates were calculated from the oral data presented
in CARO.

0 ADDITIONAL COMMENTS:

The unit risk should not be used if the air concentration exceeds 30
ug/cu.m, above this concentration the unit risk may not be appropriate.

o DISCUSSION OF CONFIDENCE:

SeeCARO.

CARCINOGENICITY ASSESSMENT DOCUMENTATION AND REVIEW
o CARCINOGENICrry SOURCE:

Source Document - U.S. EPA, 1986,1985

The values in the 1986 Carcinogenicity Assessment for Chlordane and
Heptachlor/Heptachlor Epoxide have been reviewed by the Carcinogen Assessment
Group. ,

DOCUMENT

o REVIEW DATES : 04/01/87
o VERIFICATION DATE ; 04701/87
o EPA CONTACTS:
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Dhann V. Singh / OHEA - (202)260-5958

Jim Cogh'ano/OHEA-(202)260-3814

ONE-DAY HEALTH ADVISORY
i . - • • • .

Appropriate data for calculating a One-day HA are not available. It is
recommended that the Ten-day HA of 0.06 mg/L be used as the One-day HA.

TEN-DAY HEALTH ADVKORY

Ten-day HA -6E-2 mg/L i

LOAEL - 6.25 mg/kg/day
UF - 1000 (allows for interspecies and intrahuman variability with the use
of a LOAEL from an animal study)
Assumptions — 1 L/day water consumption for a 10-kg child

Principal Study - Ambrose et al., 1953

The toxic effects in rats resulting from daily gastric intubation of
chlordane at doses of 6.25,12.5,25.0,50.0,100.0, or 200 mg/kg for 15 days
were histologic changes in the liver of the treated animals at all dose levels
and central nervous system effects at higher dose levels. Only minimal
histopathologic changes characterized by the presence of abnormal intra-
cytoplasmic bodies of various diameters were evident at the lowest dose level
(6.25 mg/kg). That dose level was identified as the LOAEL in this study.

LONGER-TERM CHILD HEALTH ADVISOR Y

Appropriate data for calculating a Longer-term HA are not available. It
is recommended that the modified DWEL (adjusted for a 10-kg child) of 0.5 ug/L
be used as the Longer-term HA.

LONGER-TERM ADULT HEALTH ADVISORY
/ " . " . " - • . - " .

Appropriate data for calculating a Longer-term HA are not available. It
is recommended that the DWEL of 2 ug/L be used as the Longer-term HA for the
70-kgadult.
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LIFETIME HEALTH ADVISORY .. ' • • ,;:
" " • . i - i ' - ' . . • " •

Drinking Water Equivalent Level (DWEL) -2E-3 mg/L
" ' . ' ~ . • • . ' ••-. •• ' - " ' . • • "
Assumptions - 2 L/day water consumption for a 70-kg adult

RfD Verification Date = 03/22/89 (see RDO)

Lifetime HA - None

Chlordane is considered to be a probable human carcinogen. Refer to
CAR for information on the Carcinogenicity of this .
substance. ^

Principal Study (DWEL) - Velsicol Chemical Corporation, 1983 (This study
was used in the derivation of the chronic oral RfD; see RDO)

ORGANOLEPTTC PROPERTIES

No data available

DRINKING WATER ANALYTIC AL PROCEDURES

Determination of chlordane is by a liquid-liquid extraction gas chromato-
graphic procedure. .

DRINKING WATER TREATMENT

Treatment technologies which are capable of removing chlordane from
drinking water include adsorption by granular or powdered activated carbon and
air stripping.

HEALTH ADVISORY DOCUMENTATION AND REVIEW
o HEALTH ADVISORY SOURCE:

U.S.EPA. 1985. Final Draft of the Drinking Water Criteria Document on
Chlordane. Office of Drinking Water, Washington, DC.
DOCUMENT

o HEALTH ADVISORY REVIEW :



EPA review of HAs in 1985.

Public review of HAs following notification of availability in October, 1985.

Scientific Advisory Panel review of HAs in January, 1986.
—————.——»„——.... ———T—————--—————— —— —— ••-——«—————————————,——————•--*———m.mmm,mm , " •

o EPA DRINKING WATER CONTACT:

Jennifer Orme Zavaleta/ OST - (202)260-7586

Edward V. Ohanian/OST - (202)260-7571

CLEAN AIR ACT REQUIREMENTS NO DATA

AMBIENT WATER QUALITY CRITERIA FOR HUMANS

Water and Fish Consumption: 4.6E-4ug/L

Fish Consumption Only: 4.8E-4 ug/L ,

Considers technological or economic feasibility? - NO

Discussion - For the maximum protection from the potential carcinogenic
properties of this chemical, the ambient water concentration should be zero.
However, zero may not be obtainable at this time, so the recommended criteria
represents an E-6 estimated incremental increase of cancer risk over a
lifetime.

Reference7 45FR79318(11/28/80)

EPA Contact - Criteria and Standards Division / OWRS
(202)260-1315 / FTS 260-1315

AMBIENT WATER QUALITY CRITERIA FOR AQUATIC ORGANISMS

Freshwater. . , .

Acute- 2.4 E+0 ug/L (at any time)
Chronic - 4.3 E- 3 ug/L (24-hour average)
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Marine:

Acute- 9.0 E-2 ug/L (at any time)
Chronic- 4.0 E-3 ug/L (24-houraverage)

Considers technological or economic feasibility? - NO '

Discussion - Criteria were derived from a minimum data base consisting of
acute and chronic tests on a variety of species. Requirements and methods
are covered in the reference to the Federal Register.

Reference- 45FR79318(11/28/80)

EPA Contact - Criteria and Standards Division /OWRS
(202)260-1315/FTS 260-1315 '

MAXIMUM CONTAMINANT LEVEL GOAL

Value (status) - 0 mg/L (Final, 1991)

Considers technological or economic feasibility? — NO

Discussion — An MCLG of 0 mg/L for chlordane is promulgated based upon
carcinogenic effects (B2).

Reference- 56FR3526(01/30/91) .

EPAContact- Health and Ecological Criteria Division /OST/
(202) 260-7571 / FTS 260-7571; or Safe Drinking Water Hotline / (800) 426-4791

MAXIMUM CONTAMINANT LEVEL

Value- 0.002mg/L (Final, 1991)

Considers technological or economic feasibility? — YES

Discussion- EPA has set a MCL equal to the PQL of 0.002, which is
associated with a lifetime individual risk of U E-4.

Monitoring requirements — All systems monitored for four consecutive
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quarters every three years; repeat monitoring dependent upon detection,
vulnerability status and system size.

" . , . . •- - \ •'• '' • , l
Analytical methodology - Microextraction/gas chromatography (EPA 505):
electron-capture/gas cliromatography (EPA 508); gas chromatography/mass
spectrometry (EPA 525): PQL* 0.002 mg/L.

• • • ' • • • '
Best available technology— Granular activated carbon ,

Reference- 56FR3526(01/30/91)

EPAContact- Drinking Water Standards Division/OGWDW/
(202) 260-7575 / FTS 260-7575; or Safe Drinking Water Hotline / (800) 426-4791

__IV.B.3. SECONDARY MAXIMUM CONTAMINANT LEVEL (SMCL) for Drinking
Water '

No data available

__IV.BA REQUIRED MONITORING OF UNREGULATED CONTAMINANTS \J

No data available

SECONDARY MAXIMUM CONTAMINANNO DATA

Status-Issued(1986)
\

Reference— Chlordane Pesticide Registration Standard. December, 1986
(NTTSNO.PB87-175816).i •

EPA Contact - Registration Branch, OPP / (703)557-7760 / FTS 557-7760
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Action - Cancellation of many termiticide products (1988) ,
• ' ' ' , , . • - , '
Considers technological or economic feasibility?- YES

Summary of regulatory action - 43 FR 12372 (03/24/78) - Cancellation of afl
but termiticide use; under the provisions of the Administrator's acceptance of
the settlement plan to phase out certain uses of chlordane, most registered
products containing chlordane were effectively canceled or the applications
for registration were denied by 12/31/80. A summary of those uses not affected
by this settlement, or a previous suspension, follows: 1) subsurface ground
insertion for termite control (clarified by 40 FR 30522, July 21,1975, to
apply to the use of emulsifiable or oil concentrate formulations for
controlling subterranean termites on structural sites such as buildings,
houses, bams, and sheds, using current control practices); 2) dipping of
nonfood roots and tops752 FR 42145 (11/03/87) - Negotiated agreement on
termiticide use. The agreement (order) accepted voluntary cancellations, of the
registration of certain pesticide products and imposed limitations on the
continued sale, distribution, and use of existing stocks of such products/
criterion of concern: oncogenicity,

Reference- 43FR 12372(03/24/78);52FR42145(11/03/87);53FR 11798
(04/08/88)/

EPAContact- Special Review Branch / QPP
(703)557-7400 / FTS 557-7400

REPORTABLE QUANTITIES
1 • ; . - • • *.

Value (status) - 1 pound (Final, 1989)

Considers technological or economic feasibility? - NO •
/ ' i . ~ ' , . ' .

Discussion — The RQ for chlordane is 1 pound, based on aquatic toxicity, as
established under CWA Section 311 (40 CFR 117.3). Available data indicate the
aquatic 96-hour Median Threshold Limit for chlordane is less than 0.1 ppm.
This corresponds to an RQ of 1 pound. Chlordane has also been found to
bioaccumulate in the tissues of aquatic and marine organisms, and has the
potential to concentrate in the food chain.

Reference- 54FR33418(08/14/89) ;'
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EPAContact-RCRA/SuperfundHotline ,
(800)424-9346 / (202)260-3000 /FTS 260-3000 (

TITLE ffl LISTING NODATA

RCRA REQUIREMENTS

Status - Listed

Reference - 52 FR 25942 (07/09/87)

EPA Contact - RCRA/Superfund Hotline
(800)424-9346.'/ (202)260-3000 / FTS 260-3000

TOXIC SUBSTANCES CONTROL ACT REQUIREMENTS
v . -

No data available

ORAL REFERENCE DOSE ICF-Clement 1987. MRID No. 40433701. Available
REFERENCES from EPA. Write to FOI, EPA, Washington DC 20460.
ORAL REFERENCE DOSE Velsicol Chemical Co. 1983a. MRID No. 00138591,
REFERENCES 00144313. Available from EPA. Write to FOI, EPA,

Washington DC 20460.
ORAL REFERENCE DOSE Velsicol Chemical Co. 1983b. MRID No. 00144312.
REFERENCES Available from EPA. Write to FOI, EPA, Washington

DC20460. ,
INHALATION REFERENCE DOSE None

CARCINOGENICITY Ahmed, F£., R.W. Hart and NJ. Lewis. 1977.
ASSESSMENT REFERENCES Pesticide induced DNA damage and its repair in

. cultured human cells. Mutat Res. 42:161-174.
CARCINOGENICITY Ambrose, A.M., HUE. Christensen, DJ. Robbins and
ASSESSMENT REFERENCES LJ. Rather. 1953a. Toxi- cological and

pharmacological studies on chlordane. Arch. Ind.
Hyg. Occup. Med. 7:197-210.
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CARONOGENICTTY Ambrose, AAL, RE. Christensen and DJ. Robbins.
ASSESSMENT REFERENCES 19535. Pharmacological observations on chlordane.

Fed. ftocc«d. 12:298. (Abstract #982)
CARCINOGENICITY Becker, FJ. and S.SeH. 1979. Fetoprotein levels
ASSESSMENT REFERENCES and hepatic alterations during chemical

carcinogenesis in C57BL/6N mice. Cancer Res. 39:
3491-3494.

CARCINOGENICITY Chambers, D. and S.K. Dutta. 1976. Mutagenic tests
ASSESSMENT REFERENCES of chlordane on different microbial tester

strains. Genetics. 83: si 3. (Abstract) .
CARONOGENICITY Ditraglia, D., D.P. Brown, T. Namekata and N.
ASSESSMENT REFERENCES Iverson. 1981. Mortality study of workers employed

. " • at organochlorine pesticide manufacturing plants.
Scand. J. Work Biviron. Health. 7(4): 140-146.

CARCINOGENICITY Gentile, J.M., GJ. Gentile, J. Bultinan, R.
ASSESSMENT REFERENCES Sechriest, ED. Wagner and MJ.Plewa. 1982. An

evaluation of the genotoxic properties of
. , insecticides following plant and animal

activation. Mutat. Res. 101:19-29.
CARCINOGENICITY Infante, P.F., S.S. Epstein and W.A. Newton. 1978.
ASSESSMENT REFERENCES Blooddyscrasis and childhood tumors and exposure

to chlordane and heptachlor. Scand. J. Work
Environ, Health. 4:1377150.

j CARONOpENICITY Ingle, L: 1952. Chronic oral toxicity of chlordan
-̂T ASSESSMENT REFERENCES to rats. Arch. Ind. Hyg. Qccup. Med. 6:357-367.

CARONQGENKHTy Maslansky, CJ. and G.M. Williams. 1981. Evidence
ASSESSMENT REFERENCES for an epigenetic mode of action in organochlorine

; - pesticide hepatocarcinogenicity: A lack of
genotoxicity in rat, mouse, and hamster
hepatocytes. J. Toxicol. Environ. Health. 8:
121-130.

CARdNOGENICTTY NCI (National Cancer Institute). 1977. Bioassay of
ASSESSMENT REFERENCES £hlordane for possible Carcinogenicity. NCI

Carcinogenesis Tech. Rep. Ser. No. 8. U.S. DHEW
PubL No. (Nffl) 77-808. Bethesda, MD.

CARCINOGENICITY Probst, G.S., RJE. McMahon; L£. IfiU,CZ.
ASSESSMENT REFERENCES Thompson, J.K.Epp and Ŝ .Neal. 1981.

Chemically-induced unscheduled DNA synthesis in
primary rat hepatocyte cultures: A comparison with
bacterial mutagenicity using 218 compounds.
Environ/Mutagen. 3:11-31.

CARCINOGENICrrY Sobti, R.C, A. Krishan and j. Davies. 1983.
ASSESSMENT REFERENCES Cytokinetic and cytogenetic effect of agricultural

chemicals on human lymphoid cells in vitro. Arch.
, ,- Toxicol. 52:221-231.
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CARCINOGENICrrY U.S. EPA. 1985, Hearing Files on Chlordane,
ASSESSMENT REFERENCES Heptachlor Suspension (unpub-lished draft).

Available for inspection at U.S. EPA, Washington,
DC.

CARONOGENICITY U.S. EPA. 1986. Carcinogenicity Assessment of
ASSESSMENT REFERENCES Chlordane and Heptachlor/ Heptachlor Epoxide.

Prepared by the Office of Health and Environmental
Assessment, Carcinogen Assessment Group,
Washington, DC. > " -

CARONOGENICITY Velsicoi Chemical Corporation. 1973. MRID No.
ASSESSMENT REFERENCES 00067568. Available from EPA. Write to FOI, EPA,

Washington, DC. 20460.
CARCINOGENICITY Velsicol Chemical Corporation. 1983a. MRID No.
ASSESSMENT REFERENCES 00144312,00132566. Available from EPA. Write to

FOI, EPA, Washington, DC. 20460.
CARONOGENICITY Velsicol Chemical Corporation. 1983b. MRID No!
ASSESSMENT REFERENCES 00138591. Available from EPA. Write to FOI, EPA,

Washington, DC. 20460. >
CARCINOGENICrrY Vigfusson, N.V., EJL Vyse, CA Ponsteiner and
ASSESSMENT REFERENCES R J. Dawson. 1983. In vivo induction of

sister-chromatid exchange in Umbra limi by the
insecticides endrin, chlordane, diazinon and
guthion. Mutat Res. 113:61-63.

CARONOGENICITY Wang. H.H. and B. MacMahon. 1979a. Mortality of
ASSESSMENT REFERENCES workers employed in the manufacture of chlordane

and heptachlor. J. Occup. Med. 21(11): 745-748.
CARCINOGENICITY Wang, HJL and B. MacMahon. 1979b. Mortality of
ASSESSMENT REFERENCES ? pesticide applicators. J. Occup. Med. 21(11):

741-744.
CARCINOGENICITY Wildeman, A.d. and R.N. Nazar. 1982. Significance
ASSESSMENT REFERENCES of plant metabolism in the mutagenicity and

toxicity of pesticides. Can. J. Genet Cytol. 24: .
437-449.

HEALTH ADVISORY Ambrose, A.M., RE Christensen, D.J* Robbins and
REFERENCES , LJ. Rather. 1953. Toxi- cological and

pharmacological studies on chlordane. Arch. Ind.
Hyg. Occup. MeA 7:197-210.

HEALTH ADVISORY U.S. fiPA. 1985. Final Draft of the Drinking Water
REFERENCES Criteria Document on Chlordane. Office of Drinking

Water, Washington, DC.
HEALTH ADVISORY Velsicol Chemical Corp. 1983. MRID No. 00138591.
REFERENCES Available from EPA. Write to FOI, EPA* Washington,

DC20460.
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DIELDRIN
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Dieldrin
IRIS Accession Number 1225

(CAS) CAS Registry Number 60-57-1 •
(MAT) Material Name: Dieldrin .
(SYN) Synonyms: ALVIT;

COMPOUND497;
DIELDREX;
Dieldrin;
DffiLDRINE;
DffiLDRITE;
l,4:5>DIMETHANONAPHTHAXEhIE,U3AlO,10-HEXACHLORO-6,7-EPOXY-
l,4,4a,5,6,7,;
8,8a-OCTAHYDRO, endo,exo-;

ENT 16,225; J
HEOD;
HEXACHLOROEPOXYCXn'AHYDRO-endo.exo-DIMETHANONAPHTHALENE;
3,4,5,6,9,9-HEXACHLORO-lâ 2â ,6,6a,7,7a-OCTAHYDRO-2,7:3,6-
DIMETHANONAPHTH;
(2,3-b)OXIRENE; , l

ILLOXOL;
. NA2761;

- NCI-C00124;
DCTALOX; . '
PANORAMD-31;
QUINTOX;
RCRA WASTE NUMBER P037

(UPD) Update Date: 07-01-93
(EFF) Effective Date: 01-01-95
(STAT) Status: , <
STATUS OF DATA FOR Dieldrin '

File On-Line 09-07-88

Category (section) Status Last Revised

Oral RfD Assessment (LA.) on-line 09-01-90

Inhalation RfC Assessment (I.B.) no data

Carcinogenicity Assessment (II.) on-line 07-01-93



Drinking Water Health Advisories (HI A.) on-line 09-01-90

i j U.S. EPA Regulatory Actions (IV.) on-line 01-01-92

(HAZ) Chronic Health Hazards, Noncarcinogenic:
<HAZO) Hazards Oral:
I. CHRONIC HEALTH HAZARD ASSESSMENTS FOR NONCARCINOGENIC EFFECTS
I A. REFERENCE DOSE FOR CHRONIC ORAL EXPOSURE (RfD)
I.A.1. ORAL RfD SUMMARY

Critical Effect Experimental Doses* UF MF RfD

Liver lesions NOAEL: 0.1 ppm 100 1 5E-5
(0.005 mg/kg/day) mg/kg/day

2-Year Rat Feeding
Study LOAEL: l.Oppm

(0.05 mg/kg/day)
Walker etal., 19691 <*, • •

*Conversiotf Factors: 1 ppm * 0.05 mg/kg/day (assumed rat food consumption)
: •' . ' , ' ' *

LAi PRINCIPAL AND SUPPORTING STUDIES (ORAL RfD)

Walker, A.I.T., D.E. Stevenson, J. Robinson, R. Thorpe and M. Roberts. 1969.
The toxicology and phannacodynamics of dieldrin (HEOD): Two-year oral
exposures of rats and dogs. Toxicol.Appl. Pharmacol. 15:345-373.

Walker et al. (1969) administered dieldrin (recrystallizcd, 90% active
ingredient) to Carworth Farm "£" rats (25/sex/dose; controls 45/sex) for 2
years at dietary concentrations of 0,0.1,1.0, or 10.0 ppm. Based on intake
assumptions presented by the authors, these dietary levels are approximately
equal to 0,0.005,0.05 and 0.5 mg/kg/day. Body weight, food intake, and
general health remained unaffected throughout the 2-year period, although at
10.0 ppm (0.5 mg/kg/day) all animals became irritable and exhibited tremors
and occasional convulsions. No effects were seen in various hematological and
clinical chemistry parameters. At the end of 2 years, females fed 1.0 and
10.0 ppm (0.05 and 0.5 mg/kg/day) had increased liver weights and liver-to-
body weight ratios (p<0.05). Histopathological examinations revealed liver
parenchyma! cell changes including focal proliferation and focal hyperplasia.
These hepatic lesions were considered to be characteristic of exposure to an
organochlorine insecticide. The LOAEL was identified as 1.0 ppm (0.005



mg/kg/day) and the NOAEL as 0.1 ppm (0.005 mg/kg/day),

I.A.3. UNCERTAINTY AND MODIFYING FACTORS (ORAL RfD)

UF - The UF of 100 allows for uncertainty in the extrapolation of dose levels
from laboratory animals to humans (10A) and uncertainty in the threshold for
sensitive humans (1 OH)* , .

MF-None

IJL4. ADDITIONAL COMMENTS (ORAL RfD)
i - , •_. • "
Data considered for establishing the RfD: .

1) 2-Year Feeding - rat: Principal study - see previous description

2) 2- Year Feeding (oncogenic) -dog: Systemic NOEL=0.005 mg/kg/day; LEL- 0.05
mg/kg/day (increased liver weight and liver/body weight ratios, increased
plasma alkaline phosphatase, and decreased serum protein concentration)
(Walker etal., 1969)

3) 2-Year Feeding - rat: Systemic LEL=0.5 ppm (approximately 0.025 mg/kg/day),
(liver enlargement with histopathology); (Fitzhugh et al., 1964) *

• • : • • . • . ' • • ' • . ' ' . • ' ' '4)-2-Year Feeding (oncogenic)-mouse: Systemic LEL=0.1 ppm (0.015
mg/kg/day), (liver enlargement with histopathology); (Walker et al., 1972)

5) 25-Month Feeding - dog: Systemic NOEL=0.2 mg/kg/day; LEL=0.5 mg/kg/day,
(weight loss and convulsions); (Fitzhugh et al., 1964)

6) Teratology - mouse: Teratogenic NOEL=6.0 mg/kg/day (HDT, gestational days
7-16); Maternal LEL=6.0 mg/kg/day (HDT, decrease in maternal weight gain);
Fetotoxic LEL=6.0 mg/kg/day (HDT, decreased numbers of caudal ossification
centers and increases in supernumerary ribs); (Chernoff et al., 1975). This
study was not considered since 41% of the test dams died at the highest dose
tested. ' . _ . .

' " ' • * :
I.A.5. CONFIDENCE IN THE ORAL RfD

Study — Low - »
Data Base - Medium
RfD-Medium

The principal study is an older study for which detailed data are not
available and in which a wide range of doses was tested. The chronic toxicity
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evaluation is relatively complete and supports the critical effect, if not the
magnitude of effects. Reproductive studies are lacking. The RfD is given a
medium confidence rating because of the support for the critical effect from
other dieldrin studies, and from studies on organochlorine insecticides in
general. < .' ,

f • '
I A.6. EPA DOCUMENTATION AND REVIEW OF TOE ORAL RfD

Source Document-U.S.EPA, 1987 .

.Other EPA Documentation — None

Agency Work Group Review -04/16/87

Verification Date - 04/16/87

I.A.7. EPA CONTACTS (ORAL RfD)

Krishan Khanna / OST - (202)260-7588 .

Henry Spencer/OST-(202)557-4383

. . . ..
(CAR) Carcinogenicity Assessment
(CARW) Carcinogenicity Weight:
H. CARCINOGENICITY ASSESSMENT FOR LIFETIME EXPOSURE
H.A. EVIDENCE FOR CLASSIFICATION AS TO HUMAN CARCINOGENICITY
ILA.1. WEIGHT-OF-EVIDENCE CLASSIFICATION

"- ' '. • ! . , ' ' ^ • - ' . ' , - • ' '. - ; •

Classification — B2; probable human carcinogen •

Basis — Dieldrin is carcinogenic in seven strains of mice when administered .
• orally. Dieldrin is structurally related to compounds (aldrin, chlordane,

heptachlor, heptachlor epoxide, and chlorendic acid) which produce tumors in
rodents. ,. • . ' . • " ' . * , . "
I1.A2. HUMAN CARCINOGENICITY DATA

Inadequate. Two studies of workers exposed to aldrin and to dieldrin
reported no increased incidence of cancer. Both studies were limited in
their ability to detect an excess of cancer deaths. Van Raalte (1977)
observed two cases of cancer (gastric and lymphosarcoma) among 166 pesticide
manufacturing workers exposed 4-19 years and followed from 15-20 years.

L j Exposure was not quantified, and workers were also exposed to other
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organochlorine pesticides (endrin and telodrin). The number of workers
studied was small,the mean age of the cohort (47.7 years) wasyouhg, the
number of expected deaths was not calculated, and the duration of exposure
and of latency was relatively short '

In a retrospective mortality study, Ditraglia et al. (1981) .reported no
statistically significant excess in deaths from cancer among 1155
organochlorine pesticide manufacturing workers {31 observed vs. 37.8 expected,
Standardized Mortality Ratio (SMR) =-82]. Workers were employed for 6 months
or more and followed 13 years or more (24,939 person-years). Workers with no
exposure (for example, office workers) were included b the cohort' Vital
status was not known for 112 or 10% of the workers, and these workers were
assumed to be alive; thereforei additional deaths may have occurred but were
not observed. Exposure was not quantified and workers were also exposed to
other chemicals and pesticides (including endrin). Increased incidences of
deaths from cancer were seen at several specific sites: esophagus (2 deaths
observed, SMR - 235); rectum (3, SMR » 242); liver (2, SMR « 225); and ,
lymphatic and hematopoietic system (6, SMR = 147), but these site-specific
incidences were not statistically significantly increased.

II.A3. ANIMAL CARCINOGENICITY DATA
' ' " . . • • •. '

Sufficient Dieldrin has been shown to be carcinogenic in various
strains of mice of both sexes. At different dose levels the effects range
from benign liver tumors, to hepatocarcinomas with transplantation.
confirmation, to pulmonary metastases.

The Food and Drug Administration (PDA) conducted a long-term
carcinogenesis bioassay for dieldrin (Davisand Fitzhugh, 1962). Ten ppm
dieldrin was administered orally to 218 male and female C3HeB/Fe mice for 2
years. The study was compromised by the poor survival rate, lack of detailed
pathology, loss of a large percentage of the animals to the study, and failure
to treat the data for males and females separately. A statistically
significant increase in incidence of hepatomas was observed in the treated
groups versus the control groups in both males and females. In FDA follow-up
study, Davis (1965) examined 100 male and 100 female C3H mice which had been
orally administered 10 ppm dieldrin. The same limitations as the previous
study were reported The incidence of benign hepatomas and hepatic carcinomas
was significantly increased in the dieldrin group. Areevaluationofthe
histological material of both studies was done by Reuber in 1974 (Epstein,
1975a,b; 1976). He concluded that the hepatomas were malignant and that
dieldrin was hepatocarcinogenic for male and female C3HeB/Fe and C3H mice.

Walker et al. (1972) conducted several studies of dieldrin in CF1 mice of
both sexes. Dieldrin was administered orally at concentrations of 0,0.1,
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1.0, and 10 ppm. Treatment groups varied from 87 to 288 animals of each sex.
Surviving animals were sacrificed during weeks 132-140. Incidence of tumors
was related to the number of dose levels and the dose administer̂ ! Effects
were detected at the lowest dieldrin level tested (0.1 ppm) in both male and
female mice. Dieldrin also produced significant increases (O.05) in the
incidence of pulmonary adenomas, pulmonary carcinomas, lymphoid tumors, and
"other" tumors in female mice. ;

Diets containing 10 ppm dieldrin were fed to groups of 30 CF1 mice of
both sexes for 110 weeks (Thoipe and Walker, 1973). Hie control group
consisted of 45 mice of both sexes. A statistically significant increase
(pO.Ol) in incidence of liver tumors was found in both sexes of treated
animals relative to controls. The liver tumors appeared much earlier in
treated animals than controls.

Technical-grade dieldrin (>96%) was fed to B6C3F1 mice (50/sex/dose) at
TWA doses of 0,2.5, or 5 ppm for 80 weeks followed by an observation period
of 10 to 13 weeks (NCI, 1978a). Matched control groups consisted of 20
untreated males and 10 untreated females. No significant difference in
survival was noted. A significant dose-related increase in hepatocellular
carcinoma was found in male mice when compared with pooled controls.

Tennekes et al. (1981) fed groups of 19 to 82 male CF1 mice control or
i j dieldrin-supplemented (10 ppm) diets or control diets for 110 weeks. Dieldrin
~̂"̂  produced a statistically significant increased incidence of hepatocellular

carcinomas b the treated group.

Dieldrin (>99%) was continuously fed in the diet for 85 weeks to 50
C3H/He, 62 B6C3F1, and 71 C57B1/6J male mice (Meierhenry et al., 1983).
Controls were 50 to 76 males of each strain. Dieldrin produced a significant
increase b the incidence of hepatocellular carcinomas compared with controls
b all three strains.

Seven studies with four strains of rats fed 0.1 to 285 ppm dieldrin
varying b duration of exposure from 80 weeks to 31 months did not produce
positive results for Carcinogenicity (Treon and Cleveland, 1955; Fitzhugh et
al., 1964; Song and Harville, 1964; Walker et al., 1969; Deichmann et al.,
1970; NCI, 1978a,b). Three of these studies used Osborne-Mendel rats, two
studies used Carworth rats, and one each used Fischer 344 and Holtzman
strains. Only three of the seven studies are considered adequate b design
and conduct The others used too few animals, had unacceptably high levels of
mortality, were too short b duration, and/or had inadequate pathology
examination or reporting.
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Dieldrin causes chromosomal aberrations b mouse cells (Markaryan, 1966;
Majumdar et al., 1976) and b human lymphoblastoid cells (Trepanier et al.,
1977), forward mutation b Chinese hamster V79 cells (Ahmed et al., 1977), and
unscheduled DNA synthesis b rat (Probst et al., 1981) and human cells (Rocchi
et al., 1980). Dieldrin did not produce responses b 13 other mutagenicity
tests. Negative responses were given b assays for gene conversion b S.
cerevisiae, back-mutation b S. marcesans, forward mutation (Gal Rz2 b E.

1 coli), and forward mutation to streptomycin resistance b E. coli (Fahrig,
1974). Negative responses were produced b reverse mutation assays with six
strains of S. typhimurium with or without metabolic activation (Bidwell ct
al., 1975; Marshall et al., 1976; Shirasu et al., 1976; Wade et al., 1979;
Haworth et al., 1983). Majumdar etal. (1977), however, reported that
dieldrin was mutagenic for S. typhimurium with and without metabolic
activation.

Five compounds structurally related to dieldrin • aldrin, chlordane,
heptachlor, heptachlor epoxide, and chlorondic acid * have induced malignant
liver tumors b mice. Chlorendic acid has also induced liver tumors b rats.

(CARO) Carcinogenicity Oral: \_s
II.B. QUANTITATIVE ESTIMATE OF CARCINOGENIC RISK FROM ORAL EXPOSURE
II.B.1. SUMMARY OF RISK ESTIMATES

Oral Slope Factor - 1.6E+1 per (mg/kg)/day

Drinkbg Water Unit Risk - 4.6E-4 per (ug/L)

Extrapolation Method — Linearized multistage procedure, extra risk
: . - ' . / '

Drinkbg Water Concentrations at Specified Risk Levels:

Risk Level Concentration

E-4(lb 10,000) 2E-lug/L
E-5 (1 b 100,000) 2E-2ug/L
E-6 (1 b1,000,000) 2E-3 ug/L

n.B.2. DOSE-RESPONSE DATA (CARCINOGENICITY, ORAL EXPOSURE)

Tumor Type - liver carcinoma
Test Animals —mouse
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VJ-

Route —diet • • •
Reference - see table

Sex/Strab Slope Factor Reference

Male,C3H 22 Davis (1965),
. reevaluated by
Reuber, 1974.(cited
bEpsteb,1975a)

Female, C3H 25 Davis(1965),
. reevaluated by . / ;' ;'

Reuber, 1974 (cited
bEpsteb, 1975a)

Male,CFl 25 Walker etal. (1972)
" ' * ' • - . " . *" ' ., •_

Female, CFl 28 Walker etal. (1972)

Male,CFl 15 Walker etal. (1972) .

Female,CFl 7.1 Walker etal. (1972)

\̂ J Male, CFl 55 Thorpe and Walker (1973)

Female, CFl 26 Thorpe and Walker (1973)

Male, B6C3F1 9.8 NCI (1978a,b)

Male, CFl 18 Tennekes etal. (1981)

Male,C57B1/6J 7.4 Meierhenryetal.(1983)

Male,C3H/He 8.5 Meierhenry etal, (1983)

Male,B6C3Fl 11 Meierhenry et al. (1983) /

D.B.3. ADDITIONAL COMMENTS (CARCINOGENICITY, ORAL EXPOSURE)

The slope factor is the geometric mean of 13 slope factors calculated
from liver carcinoma data in both sexes of several strains of mice.
Inspection of the data indicated no strain or sex specificity of carcinogenic
response.

\ / The unit risk should not be used if the water concentration exceeds 20
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ug/L, since above this concentration the unit risk may not be appropriate.

H.B.4. DISCUSSION OF CONFIDENCE (CARCINOGENICITY, ORAL EXPOSURE)

The individual slope factors calculated frbm 13 independent data sets
range within a factor of 8.

\ . i • t ., - •
(CARI) Carcinogenicity Inhalation:
II.C. QUANTrTATIVE ESTIMATE;OF CARCINOGENIC RISK FROM INHALATION
EXPOSURE
H.C.I. SUMMARY OF RISK ESTIMATES

' 1 . : . - . , •

Inhalation Unit Risk - 4.6E-3 per (ug/cu,m) x

Extrapolation Method — Linearized multistage procedure, extra risk

Air Concentrations at Specified Risk Levels: .

Risk Level Concentration

,.

E-4 (1 b 10,000) 2E-2 ug/com
E-5 (1 b 100,000) 2E-3ug/cuan
E-6 (1 b 1,000,000) 2E-4ug/cu.m

II.C.2. DOSE-RESPONSE DATA FOR CARCINOGENICITY, INHALATION EXPOSURE

- Calculated from oral data in Section H.B.2. ,
• , • • ^ • ' ' • •'•'"' '", "-

n.C.3. ADDITIONAL COMMENTS (CARaNOGEMCITY, INHALATION EXPOSURE)

The unit risk should not be used if air concentrations exceed 2 ug/cu.m,
since above this concentration the unit risk may not be appropriate.

H.C.4. DISCUSSION OF CONFTÔ CE (CARCINCKjENICIIY, INHALATION
EXPOSURE) ;

. This inhalation risk estimate was based on oral data. 1

(CARDOC) Carcinogenicity Documentation:
H.D. EPA DOCUMENTATION, REVIEW, AND CONTACTS (CARCINOGENICITY
ASSESSMENT)



ILD.l. EPA DOCUMENTATION ;

Source Document-U.S. EPA, 1986
:. . ,'

HJD2. REVIEW (CARCINOOENICITY ASSESSMENT)

Agency Work Group Review - 03/05/87

Verification Date - 03/05/87
/ ." ' - .

H.D.3. US. EPA CONTACTS (CARCINOGENICrrY ASSESSMENT)
r / -1

Dharm Singh/OHEA - (202)260-5958

Jim Cogliano / OHEA - (202)260-3814

(HA) Hazard Assessment: ,
(HAS) Health Advisories (Drinkbg Water):
ffl. HEALTH HAZARD ASSESSMENTS FOR VARIED EXPOSURE DURATIONS
ffl.A. DRINKING WATER HEALTH ADVISORIES
ffl A.1. ONE-DAY HEALTH ADVISORY FOR A CHILD

Appropriate data for calculating a One-day HA are not available. It is
recommended that the modified DWEL of 0.0005 mg/L be used as the One-day HA.

IH.A.2. TEN-DAY HEALTH ADVISORY FOR A CHILD

Appropriate data for calculating a Ten-day HA are not available. It is
recommended that the modified DWEL of 0.0005 mg/L be used as the Ten-day HA.

ffl A3. LONGER-TERM HEALTH ADVISORY FOR A CHILD

Appropriate data for calculating Longer-term HAs for dieldrin are not
available. It is recommended that the modified DWEL of 0.0005 mg/L be used as
the Longer-term HA for the 10-kg child.

ffl.A.4. LONGER-TERM HEALTH ADVISORY FOR AN ADULT

Appropriate data for calculating Longer-term HAs for dieldrin are not
available. It is recommended that the modified DWEL of 0.002 mg/L be used as
the Longer-term HA for the 70-kg adult

III.A.5. DRINKING WATER EQUIVALENT LEVEL / LIFETIME HEALTH ADVISORY
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V
/

DWEL-2E-3mg/L , , 1. .
Assumptions — 2 L/day water consumption for a 70-kg adult

RfD Verification Date - 04/16/87 (see Section LA. b this file)

Lifetime H A —None ' " " ' ' . . - ! . ' •

Dieldrin is considered to be a probable human carcinogen. Lifetime HAs
are not recommended for known or probable human carcinogens. The estimated
excess cancer risk associated with lifetime exposure to drinking water
containing dieldrin at the DWEL of 2 ug/L is approximately 8.05x10-4. Refer
to Section n for the Carcinogenicity assessment for dieldrin.

/ ' • . • .
Principal Study — Walker etal., 1969 (This study was used b the
derivation of the chronic oral RfD; see Section I.A.2.)

lflA.6. ORGANOLEPTIC PROPERTIES

The odorthreshold for dieldrin b water is reported as 0.04 mg/L.

IHA.7. ANALYTICAL METHODS FOR DETECTION IN DRINKING WATER

Determination of dieldrin is by a liquid-liquid extraction gas
chromatographic procedure.,

ffl.A.8. WATER TREATMENT
\ ' ; ' - . - ' . • • •

Available data indicate that reverse osmosis, granular activated carbon
adsorption, ozonation, and conventional treatment will remove dieldrin from
.water. ; ' • , • • ' • • ' / •..- • -.; • - •'. ' .,

fflA.9. DOCUMENTATION AND REVIEW OF HAs

U.S. EPA. 1989. Drinkbg Water Health Advisories: Pesticides. Lewis
Publishers, Chelsea, MI. p. 299-312. .

EPA review of HAs b 1987.

Public review of HAs b January-March 1988.

Preparation date of this IRIS summary--08/20/90

III.A.10. ̂PA CONTACTS \
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Krishan Khanna / OST - (202)260-7588

Edward V. Ohanian / OST - (202)260-7571

(REGS) Regulations:
(SDWA) Safe Drinkbg Water Act:
IV. U.S. EPA REGULATORY ACTIONS
TV£. SAFE DRINKING WATER ACT (SDWA)
IV.B.1. MAXIMUM CONTAMINANT LEVEL GOAL (MCLG) for Drinkbg Water

No data available . .

IV.B.4. REQUIRED MONITORING OF "UNREGULATED" CONTAMINANTS

Status - Listed (Proposed, 1991)

Discussion — "Unregulated" contaminants are those contaminants for which
EPA establishes a monitoring requirement but which do not have an associated
final MCLG, MCL, or treatment technique. EPA may regulate these contaminants ,
inthefuture. -

- ' • • > . . • . '
\j Monitoring requirement — All systems to be monitored unless a vulnerability

assessment determines the system is not vulnerable.
' • • . ! ' ' • • " ' " -
Analytical methodology - Microextraction/gas chromatography (EPA 505);
electron-capture/gas chromatography (EPA 508); gas chromatographic/mass
spectrometry(EPA525).

Reference - 56 FR 3526 (01/30/91)

EPA Contact - Drinkbg Water Standards Division / OGWDW /
(202) 260-7575 / FTS 260-7575; or Safe Drinkbg Water Hotline / (800) 426-4791

(CWA) Clean Water Act:
IV.C. CLEAN WATER ACT (CWA)
IV.C.1. AMBIENT WATER QUALITY CRITERIA, Human Health

\j
Water and Fish Consumption: 7.1E-5 ug/L

Fish Consumption Only: 7.6E-5ug/L
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Considers technological or economic feasibility? - NO '
• . • • • , . ' . . • • .

Discussion — For the maYiTmmi protection from the potential carcinogenic
properties of this chemical, the ambient concentration should be zero.
However, zero may not be attainable at this time, so the recommended criterion
represents a E-6 estimated incremental increase of cancer risk over a
lifetime. ; ,

EPA Contact - Criteria and Standards Division / OWRS
(202)260-1315 / FTS 260-1*15

IV.C.2. AMBIENT WATER QUALITY CRITERIA, Aquatic Organisms

Freshwater

Acute- l.OE+0 ug/L
Chronic- 1.9E-3ug/L

Marine: ' ,

Acute- 7.1E-1 ug/L
Chronic- 1.9E-3ug/L

Considers technological or economic feasibility? — NO

Discussion — Criteria were derived from a minimum data base consisting of
acute tests on a variety of species. Requirements and methods are covered in
the reference to the Federal Register* ,

Reference - 45 FR 79318 (11/28/80)

EPA Contact - Criteria and Standards Division / OWRS
(202)260-1315 / FTS 260-1315

(FIFRA) Federal Insecticide, Fungicide, and Rodenticide Act:
IV.D. FEDERAL INSECTICIDE, FUNGICIDE, AND RODENTICIDE ACT (FIFRA)
IVJX2. PESTICIDE ACTIVE INGREDIENT, Special Review

Action - Registration canceled (1974)

Considers technological or economic feasibility? - NO
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Summary of regulatory action-Cancellation of all but termiticide
and use. Criteria of concern: carcbogenicity, bio-accumulation,

( I hazard to wildlife, and other chronic effects.
*+*̂ r - ' ' , .

Reference - 39 FR 37246 (10/18/74)

EPA Contact - Special Review Branch/OPP
(703)557̂7400 /,FTS 557-7400

(RCRA) Resource Conservation and Recovery Act:
IV.F. RESOURCE CONSERVATION AND RECOVERY ACT (RCRA)
IV.F. 1. RCRA APPENDIX DC, for Ground Water Monitoring :

/ . . , ' • . - ' » -
Status - Listed

Reference-52 FR 25942 (07/09/87) .

EPA Contact ̂RCRA/Superfund Hotline
(800)424-9346 / (202)260-3000 / FTS 260-3000

- - -
(CERCLA) Superfund Act: ;
IV.G. SUPERFUND (CERCLA) /
IV.G.l. REPORTABLE QUANTITY (RQ) for Release bto the Environment

Value (status) - 1 pound (Final, 1989)

Considers technological or economic feasibility? - NO

Discussion— The RQ for dieldrin is based on aquatic toxicity as
established under CWA Section 311 (40 CFR117.3) and potential Carcinogenicity.
The available data indicate that the aquatic 96-Hour Median threshold
Limit is less than 0.1 ppm, which corresponds to an RQ of 1 pound.
Available data also indicate a hazard ranking of high and a weight of
evidence classification of Group B2, which corresponds to an RQ of
1 pound.

Reference- 54FR33418(08/14/89)
. • " • . .' i • '

EPA Contact - RCRA/Superiund Hotline
(800)424-9346 / (202)260-3000/FTS 260-3000 :
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IRIS - FLUORENE

1 - IRIS -
NAME OF SUBSTANCE Fluorene
CAS REGISTRY NUMBER 86-73-7
IRIS NUMBER 436
LAST REVISION DATE 920122
UPDATE HISTORY NODATA
IRIS STATUS Oral RfD Assessment (RDO) on-line 11/01/90
IRIS STATUS Inhalation RfC Assessment (RDI) no data ,
IRIS STATUS Carcinogenicity Assessment (CAR) on-line 12/01/90
IRIS STATUS Drinking Water Health Advisories (DWHA) no data
IRIS STATUS U.S. EPA Regulatory Actions (EXSR) on-line

01/01/92
IRIS REVISION HISTORY 11/01/90 RDO Oral RfD summary on-line
IRIS REVISION HISTORY 11/01/90 REFS Bibliography on-line
IRIS REVISION HISTORY 12/01/90 CAR Carcinogen assessment on-line
IRIS REVISION HISTORY 12/01/90 CREF Carcinogen assessment references

: added
IRIS REVISION HISTORY 01/01/92 EXSR Regulatory Action section on-line
RECORD LENGTH 16831
SYNONYMS ; 9H-Fluorehe
SYNONYMS Diphenylenemethane
SYNONYMS Fluorene
SYNONYMS • HSDB2165
SYNONYMS Methane, diphenylene-
SYNONYMS NSC6787
SYNONYMS . • ' , o-BIPHENYLENEMETHANE
SYNONYMS 2,2'-METHYLENEBIPHENYL
SYNONYMS 9H-fluorene
MOLECULAR FORMULA NODATA
MAJOR USES NODATA
COLOR/FORM NODATA
ODOR NODATA
BOILING POINT NODATA
MELTING POINT NODATA
MOLECULAR WEIGHT NODATA
DENSITY/SPECIFIC GRAVITY NODATA
VAPOR PRESSURE NODATA
VAPOR DENSITY NODATA
RELATIVE EVAPORATION RATE NODATA
SOLUBILITY IN WATER NODATA
FLASHPOINT NODATA



FLAMMABLE LIMITS NODATA ' ' f*
CONDITIONS & MATERIALS TO NODATA
AVOID
DECOMPOSITION NODATA

REFERENCE DOSE FOR ORAL EXPOSURE
o ORAL RFD SUMMARY :

Critical Effect Experimental Doses* UF MF RfD

Decreased RBC, NOAEL: 125 mg/kg/day 3000 1 4E-2
packed cell volume mg/kg/day
and hemoglobin LOAEL: 250 mg/kg/day

Mouse Subchronic Study

U.S.EPA, 1989

Ĉonversion Factors: None

o ORAL RFD STUDIES :

U.S. EPA. 1989. Mouse oral subchronic toxicity study. Prepared by Toxicity
Research Laboratories, LTD., Muskegon, MI for the Office of Solid Waste,
Washington, DCt

CD-1 mice (25/sex/group) were exposed to 0, 125, 250, or 500 mg/kg/day
fluorene suspended in corn oil by gavage for 13 weeks. Parameters used to
assess toxicity included food intake, body weight, clinical observations,
hematology and serum chemistry and gross and histopathological examinations.
Increased salivation, hypoactivity, and urine-wet abdomens in males were
observed in all treated animals. The percentage of mice exhibiting
hypoactivity was dose-related. In mice exposed at 500 mg/kg/day, labored
respiration, ptosis (drooping eyelids), and unkempt appearance were also
observed. A significant decrease in red blood cell count and packed cell
volume were observed in females treated with 250 mg/kg/day fluorene and in
males and females treated with 500 mg/kg/day. Decreased hemoglobin
concentration and increased total serum bilirubin levels were also observed in
the 500 mg/kg/day group. Decreases in erythrocyte count, packed cell volume,
and hemoglobin concentration were all observed at 125 mg/kg; however, these
effects, although apparently dose-dependent, were not statistically
significant. A significant decreasing trend in BUN and a significant
increasing trend in total serum bilirubin were observed in both high-dose
males and females. A dose-related increase in relative liver weight was
observed in treated mice; a significant increase in absolute liver weight was
also observed in the mice treated with 250 and 500 mg/kg/day fluorene. A
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significant increase in absolute and relative spleen and kidney weight was
observed in males and females exposed to 500 mg/kg/day and males at 250
mg/kg/day. Increases in the absolute and relative liver and spleen weights in
the high-dose males and females were accompanied by histopathological
increases in the amounts of hernosiderin in the spleen and in the Kupffer cells
of the liver. No other histopathological lesions were observed. The LOAEL is
250 mg/kg/day based on hematological effects; the NOAEL is 125 mg/kg/day.

o ORAL RFD UNCERTAINTY :

UF =» 3000. An uncertainty factor of 3000 was used: 10 fen* use of a subchronic
study for chronic RfD derivation, 10 each for inter- and intraspecies '
variability, and 3 for lack of adequate toxicity data in a second species and
reproductive/developmental data.

o ORAL RFD MODIFYING FACTOR :

MF=> 1.

o ORAL RFD COMMENTS :

Morris et al. (196(9 fed 18 female Buffalo strain rats 12.3 mg
fluorene/kg/day for 6 months or 13.1 nig fluorene/kg/day for 18 months. The
diet in the 6-month study was composed of purified materials, low in protein
and fat, and prepared in 3% propylene glycoL The diet in the longer study
was composed of a mixture of natural foodstuffs in 3% corn oil. In the 6- •
month study, of 11 animals examined, the incidences of non-neoplastic
reactions were reported by organ as follows: forestomach (acanthosis,
hyperkeratosis), 5 animals; kidney (squamous metaplasia of pelvis), 7 animals;
uterus (squamous metaplasia), 1 animal; small intestine (epithelial ulcer,
acute), 1 animal; and liver (cirrhosis), i animals.

In the longer study using 18 rats, none of the effects seen in the
6-month study were observed. The only effect reported in this experiment was
hyperplasia of the pituitary (predominantly chromophobe cells) in two animals.

It appears that the effects observed in the 6-month study were related to
either dietary composition or propylene glycol, since none of these effects
were observed after 18 months at a similar dosage using a different diet and
vehicle. Consequently, this study is not considered acceptable as a basis
for chronic RfD derivation.

No other studies on the toxicity of orally administered fluorene woe
located.

o ORAL RFD CONFIDENCE :
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Study: Medium
DataBase: Low , -^
RfD: Low

Confidence in the principal study is medium: it is a well-designed study
that examined and identified both a LOAEL and NOAEL for several sensitive
endpoints using an adequate number of animals. Confidence in the data base
is low; developmental, reproductive, and chronic toxicity following oral
exposure to fluorene have not been tested, and a NOAEL was not identified.
Confidence in the RfD is accordingly low.

o ORAL RFD SOURCE DOCUMENT :
• • ' * '

Source Document -r This assessment is not presented in any existing U.S. EPA
document ,

Other EPA Documentation - U.S. EPA, 1987

o REVIEW DATES : 10/19/89, 11/15/89
o VERIFICATION DATE : 11/15/89
p EPA CONTACTS :

Harlal Choudhury / ORD - (513)569-7536/FTS 684-7536

Kenneth A. Poirier /ORD - (513)569-7462 / FTS 684-7462

ICE DOSE FOR 'NODATA
INHALATION EXPOSURE
EVIDENCE FOR HUMAN CARCINOQENICITY .
o CLASSIFICATION : D; not classifiable as to human

. Carcinogenicity :
o BASIS FOR CLASSIFICATION : Based on no human data and inadequate data

from animal bioassays. •
o HUMAN CARCINOGENICrrY DATA :

None.

p ANIMAL CARONOGENICITY DATA :

Inadequate. Morris et al. (1960) fed female buffalo rats a diet
containing 0.05% fluorene in 3% com oil for approximately 18 months or in
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propylene glycol for about 6 months (approximately 11 mg/kg/day). Various
types of tumors occurred in controls and exposed animals at approximately the
same incidences, ranging from 6 to 34%. No statistical analysis was reported.

Studies of fluorene for complete carcinogenic activity, initiating
activity or co-carcinogenicity with 3-inethylcholanthrene in mouse skin
painting assays were not positive or were inconclusive (Kennaway, 1924; Riegel
et al., 1951; LaVoie et al., 1979, 1981).

No injection site tumors occurred within 18 months in 10 strain A mice
after seven subcutaneous injections of 10 mg fluorene in glycol (Shear, 1938).
No control groups appear to have been utilized in this study.

Wilson et al. (1947) fed two groups of albino rats various concentrations
of fluorene in the diet One set of rats was exposed to several
concentrations (number not specified) ranging from 0.062-1.0% fluorene in the
diet for 104 days. These rats were maintained on diets with fluorene
concentrations of 0.5 and 1.0%; they experienced significant decreases in
their rate of growth, but in other aspects they appeared normal. The second
set received either 0.125, 0.25 or 0.5% fluorene in the diet for 453 days.
One. rat exposed to 0.125% fluorene in the diet developed a small benign kidney
tubular adenoma. The total number of animals treated was not indicated, nor •
was a control group described.

o SUPPORTING DATA :

Fluorene produced no positive results in reverse mutation assays in five
strains of Salmonella typhimurium (1000 ug/plate) or in forward mutation
assays in Salmonella strain TM677 (50 ug/mL) (McCann et al., 1975; LaVoie et
al., 1979, 1981; Sakai et al., 1985; Bos et al., 1988; Kaden et al., 1979;
Mamber et al., 1983). In a DNA damage assay using S. typhimurium TA1535,
Nakamura et al. (1987).reported that fluorene at concentrations of up to 16.7
ug/mL was not positive. DNA damage assays with fluorene were not positive in
Escherichia coli at concentrations of up to 2 mg/mL (Mamber et al., 1983,
1984) or in primary rat hepatocyte cultures at a maximum concentration of 3 mM
(Sina et al., 1983). In aphage induction assay using Escherichia coli as a
host, fluorene was not positive at concentrations of up to 1 mg/mL (Mamber et
al., 1984). ' ,

In an unscheduled DNA synthesis assay the exposure of primary rat
hepatocytes to 10 nmol and 100 nmol/mL fluorene did not yield positive results
(Probst et al., 1981; Williams et al., 1989). Fluorene produced positive
results in a DNA dammage assay (strand-break assay) in L5178Y/mouse lymphoma
cells at 0.15 uM in the presence of hepatic homogenates and at 0.5 uM in the
absence of hepatic homogenates (Garberg et al., 1988). In forward mutation
assays in L5178Y/mouse lymphoma cells, fluoreni was not positive at
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concentrations of up to 30 and 60 ug/mL in the presence and absence of hepatic
homogenates, respectively (Amacher et al., 1981; Oberly et al., 1984).

'

ORAL EXPOSURE NODATA
CARCINOGENICrrY ASSESSME
INHALATION EXPOSURE NODATA
CARCINOGENICrrY ASSESSME
CARCINOGENICrrY ASSESSMENT DOCUMENTATION AND REVIEW
o CARCINOGENICrrY SOURCE:

U.S. EPA. 1990. Drinking Water Criteria Document for Polycyclic Aromatic
Hydrocarbons (PAHs). Prepared by the Office of Health and Environmental
Assessment, Environmental Criteria and Assessment Office, Cincinnati, OH for
the Office of Drinking Water, Washington, DC. Final Draft. ECAO-CIN-D010.

The 1990 Drinking Water Criteria Document for Polycyclic Aromatic
Hydrocarbons has received Agency and external review.
DOCUMENT

o REVIEW DATES , : 02/07/90
o VERIFICATION DATE : 02/07/90
o EPA CONTACTS :

Rita S. Schdeny / ORD - (513)569-7544 / FTS 684-7544

Robert E. McGaughy / ORD - (202)260-5889 / FTS 260-5889

ONE-DAY HEALTH ADVISORY NO DATA

TEN-DAY HEALTH ADVISORY NODATA

LONGER-TERM CHILD HEALTH ADVNO DATA

LONGER-TERM ADULT HEALTH ADVNO DATA

ORGANOLEPTIC PROPERTIES NODATA
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DRINKING WATER TREATMENT NO DATA

HEALTH ADVISORY NODATA
DOCUMENTATION AND REVIEW

ACUTE HEALTH HAZARDS i NO DATA
BIOCONCENTRATION FACTORS NO DATA
IN AQUATIC SPECIES

AMBIENT WATER QUALITY CRITERIA FOR HUMANS

Water and Fish Consumption: 2.8E-3 ug/L

Fish Consumption Only: 3.11E-2ug/L

Considers technological of economic feasibility? - NO

Discussion— For the maximum protection from the potential carcinogenic
properties of this chemical, the ambient water concentration should be zero.
However*, zero may not be obtainable at this time, so the recommended criteria
represents a E-6 estimated incremental increase of cancer over a lifetime. The
values given represent polynuclear aromatic hydrocarbons as a class.

Reference- 45 FR 79318 (11/28/80)

EPA Contact - Criteria and Standards Division / OWRS
(202)260-1315/FTS 260-1315

AMBIENT WATER QUALITY CRITERIA FOR AQUATIC ORGANISMS

Freshwater:

Acute LEG— none ;
Chronic LEG- none• . . .. i . • . . • .

Marine:

Acute LEC - 3.QE+2 ug/L
Chronic LEG— non$
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Considers technological or economic feasibility? r- NO ;::;;

i j Discussion — The values that are indicated as "LEG" are not criteria, but
" V-' are the lowest effect levels found in the literature. LEC's are given when

the minimum data required to derive water quality criteria are not available.
The values given represent polynuclear aromatic hydrocarbons as a class.

Reference - 45 FR 79318 (11/28/80)

EPA Contact — Criteria and Standards Division / OWRS
(202)260-1315 / FTS 260-1315

MAXIMUM CONTAMINANT LEVEL GONO DATA

MAXIMUM CONTAMINANT LEVEL NODATA

FIFRA REGISTRATION STANDARD NO DATA

FIFRA SPECIAL REVIEW NODATA

REPORTABLE QUANTITIES
i • .

Value (status) - 5000 pounds (Final, 1989)

Considers technological or economic feasibility? — NO

Discussion — No data have been found to permit the ranking of this
hazardous substance. The available data for acute hazards may lie
above the upper limit for die 5000-pound RQ, but since it is a designated
hazardous substance, the largest assignable RQ is 5000 pounds. This
chemical has been assessed for Carcinogenicity and is not, at this time,
considered to be a potential carcinogen.

Reference - 54 FR 33418 (08/14/89)

EPA Contact - RCRA/Superfund Hotline
(800)424-9346 / (202)260-3000 / FTS 260-3000

. j TITLE ffl LISTING NO DATA
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RCRA REQUIREMENTS ,
-' •' , , , •' ••- - ' 'Status - Listed

Reference - 52 FR 25942 (07/09/87)
i • .

EPAContact- RCRA/Superfund Hotline
(800)424-9346 / (202)260-3000 / FTS 260-3000

TOXIC SUBSTANCES CONTROL ACT REQUIREMENTS

No data available

ORAL REFERENCE DOSE Morris, H.P., C.A. Vdat, B.P. Wagner, M. Dahlgard
REFERENCES and F.E.1 Ray. 1960. Studies of Carcinogenicity in .,
% the rate of derivatives of aromatic amines related

to N-2-fluorehyl acetamide. J. Natl. Cancer InSt
. 24: 149-180.

ORAL REFERENCE DOSE U.S. EPA. 1987. Health Effects Assessment for
REFERENCES' Fluorenes, Prepared by the Office of Health and

Environmental Assessment, Environmental Criteria
. and Assessment Office, Cincinnati, OH for the

Office of Solid Waste and Emergency Response,
__ Washington, DC

ORAL REFERENCE DOSE U.S. EPA. 1989. 13-Week Mouse Oral Subchronic
REFERENCES Toxicity Study. Prepared by Toxicity Research

Laboratories, Ltd., Muskegon, MI for the Office of
Solid Waste, Washington, DC.

INHALATION REFERENCE DOSE None

CARONOGENICITY Amacher, D., S. Pafflet and J. Elliott. 1981. "Die
ASSESSMENT REFERENCES metabolism of N-acetyl-2- aminofluorene to a

mutagen in LS178Y/TK+/- mouse lymphoma cells.
Mutat Res. 89:311-320.

CARCINOGENICrrY Bos, R.P., J.L.G. Theuws, FJ. Jongeneelen and
ASSESSMENT REFERENCES P.Th. Henderson. 1988. Mutagenicity of bi-, tri

and tetra-cyclic aromatic hydrocarbons in the '
"taped- plate assay" and in the conventional

ARI05W



Salmonella mutagenicity assay. Mutat. Res. 204:
203-206. - >

CARCINOGENICrrY Garberg, P., E. Akerblom and G. BolcsfoldL 1988.
ASSESSMENT REFERENCES Evaluation of a genotoxicity test measuring

DNA-strand breaks in mouse lymphoma cells by
/ alkaline unwinding and hydroxyapatite elution.

MutaL Res. 203: 155-176.
CARCINOGENICrrY Kaden, D.A., R.A. Kites and W.G. Thffly. 1979.
ASSESSMENT REFERENCES Mutagenicity of soot and associated polycyclic

aromatic hydrocarbons to Salmonella typhimurium.
Cancer Res. 39: 4152-4159.

CARCINOGENICITY Kennaway, EX. 1924. On cancer-producing tars and
ASSESSMENT REFERENCES tor-fractions. J. Lid. Hyg. 5(12): 462-488.
CARdNOGENICITY LaVoie, E.J., E.V. Bedenko, N. Hirota, S.S. Hecht
ASSESSMENT REFERENCES and D. Hoffmann. 1979. A comparison of the

mutagenicity, tumor-initiating activity and
complete Carcinogenicity of polynuclear aromatic
hydrocarbons. In: Polynuclear Aromatic
Hydrocarbons, P,W. Jones and P. Leber, Ed. Ann
Arbor Science Publishers, Ann Arbor, MI. p.
705-721. ''

CARCINOGENICITY LaVoie, E.J., J.L. Tulley-Frdler, V. Bedenko, Z.
ASSESSMENT REFERENCES Giiach and D. Hoffmann. 1981. Comparative studies

* on the tumor inititating activity and metabolism
<5̂ —/ of methylfiuorenes and methylbenzofluorenes. In:

Polynuclear Aromatic Hydrocarbons: Chemical
Analysis and Biological Fate, M. Cooke and A.J.

- Dennis, Ed. Batelle Press, Columbus, OH. p.
417-427. *

CARCINOGENICITY Mamber, S., V. Bryson and S. Katz. 1983. The
ASSESSMENT REFERENCES ; Escherichia coli WP2/WP100 rec assay for detection

of potential chemical carcinogens, Mutat. Res.
119: 135-144.

CARCINOGENICITY Mamber, S., V. Bryscm and S. Katz. 1984.
ASSESSMENT REFERENCES Evaluation of the Escherichia coli K12 inductest

for detection of potential chemical carcinogens.
MutaL Res. 130: -141-151.

CARONOGENICTTY McCann, LEM E. Choi, E. Yamasald and B.N. Ames.
ASSESSMENT REFERENCES 1975. Detection of carcinogens as mutagens in the

Salmonella/microsome test: Assay of 300 chemicals.
Proc. Natl. Acad. Sci. USA. 72(12): 5135-5139.

CARCINOGENICrrY Moms, H.P., C.A. Vdat, B.P. Wagner, M. Dahlgard
ASSESSMENT REFERENCES and F.E. Ray. 1960. Studies of Carcinogenicity in

the rate of derivatives of aromatic amines related
U) N-2-fluorenylacetamide. J. Natl. Cancer Inst.
24(1): 149-180.
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CARCINOGENICrrY Nakamura, S,f Y. Oda, T. Shimada, I. Oki and K.
ASSESSMENT REFERENCES Sugimoto. 1987. SOS-inducing activity of chemical

carcinogens and mutagens in Salmonella typhimurium
TA1535/pSK 1002: Examination with 151 chemicals.
Mutat. Res. 192: 239-246.

CARCINOGENICrrY Oberiy, T., B. Beusey- and G. ProbsL 1984. An
ASSESSMENT REFERENCES evaluation of the L5178Y TK+/-mouse lymphoma

forward mutation assay using 42 chemicals. MutaL
Res. 125:291-306.

CARCINOGENICITY Probst, G.S., R.E. McMahon, L.E. Hill, C.Z.
ASSESSMENT REFERENCES Thompson, J.K. Epp and S.B. Neal. 1981.

Chemically-induced unscheduled DNA synthesis in
primary rat hepatocyte cultures: A comparison with
bacterial mutagenicity using 218 compounds.
Environ. Mutagen. 3: 11-32.

CARCINOGENICrrY Riegel, B., W.B. Watman, W.T. HiU, et al. 1951.
ASSESSMENT REFERENCES Delay of methylcholanthrene skin carcinogensis in

mice by 1,2,5,6-dibenzofluorene. Cancer Res. 11:
301-303.

CARCINOGENiaTY Sakai,M., D. Yoshida and S. Mizusdki. 1985.
ASSESSMENT REFERENCES Mutagenicity of polycyclic aromatic hydrocarbons

and quinones on Salmonella typhimurium TA97.
Mutat. Res. 156: 61-67.

CARCINOGENICITY Shear, MJ. 1938. Studies in cartinpgenesis. V.
ASSESSMENT REFERENCES Methyl derivatives of 1,2- benzanthracene. Am. j.

Cancer. 33(4): 499-537.
CARCINOGENICnT Sina, J., C. Bean, G. Dysart, V. Taylor and M.
ASSESSMENT REFERENCES Bradley. 1983. Evaluation of the alkaline

elution/rat hepatocyte assay as a predictor of
carcinogenic/ mutagenic potential. MutaL Res.
113:357-391.

CARCINOGENICrrY U.S. EPA. 1990. Drinking Water Criteria Document
ASSESSMENT REFERENCES for Polycyclic Aromatic Hydrocarbons (PAHs).

, Prepared by the Office of Health and Environmental
Assessment, Environmental Criteria and Assessment
Office, Cincinnati, OH for the Office of Drinking
Water, Washington, DC. Final Draft. ECAO-CIN-D010/

CARCINOGENICITY Williams, G.,H. Mori and C. McQueen. 1989.
ASSESSMENT REFERENCES Structure-activity relationships in the rat

hepatocyte DNA-repair test for 300 chemicals.
Mutat. Res. 221: 263-286.

CARCINOGENICrrY Wilson, R.H., F. DeEds and AJ. Cox. 1947. The
ASSESSMENT REFERENCES carcinogenic activity of 2- acetominofluorene. IV.

Action of related compounds. Cancer Res. 7: ;
453-458.

HEALTH ADVISORY None
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MERCURIC CHLORIDE
20JULY1995

1 -IRIS
NAME OF SUBSTANCE Mercuric chloride (HgC12)
CAS REGISTRY NUMBER 7487-94-7
IRISNUMBER 677
LAST REVISION DATE 950607 '.
UPDATE HISTORY 06/07/95,3 fields
IRIS STATUS Oral RfD Assessment (RDO) on-line 05/01/95
IRIS STATUS Inhalation RfC Assessment (RDI) pending 04/01/94
IRIS STATUS Carcinogenicity Assessment (CAR) on-line 06/01/95
IRIS STATUS Drinking Water Health Advisories (DWHA) no data
IRIS STATUS U.S. EPA Regulatory Actions (EXSR) no data
IRIS REVISION HISTORY 04/01/94 RDI Inhalation RfC noted as under rcviw

on 03/22/90
IRIS REVISION HISTORY 04/01/94 CAR Carcinogenicity assessment now under

review
IRIS REVISION HISTORY 05/01/95 RDO Oral RfD summary on-line
IRIS REVISION HISTORY 05/01/95 CAR Carcinogenicity assessment summary

on-line '
IRIS REVISION HISTORY 05/01/95 REFS Bibliography on-line 7

i j IRIS REVISION HISTORY 06/01/95 CARO Text revised; first paragraph
~̂*̂  RECORDLENGTH 43070

SYNONYMS HgC12
SYNONYMS -. Mercuric chloride
SYNONYMS Mercury chloride (HgC12)
SYNONYMS Mercury dichloride
SYNONYMS MERCURY(H)CHLQRIDE
SYNONYMS Bichloride of mercury
SYNONYMS Bichloruredemercure [French]
SYNONYMS CaswellNo.544
SYNONYMS Ghlorid rtutnaty [Czech]
SYNONYMS Chlorurc de mercure II [French]
SYNONYMS Chlorurc mercurique [French]
SYNONYMS CLORUROdiMERCURJO [Italian]
SYNONYMS Cloruro mercurico [Spanish]
SYNONYMS Corrosive mercury chloride ' .
SYNONYMS Corrosive sublimate
SYNONYMS Dichloromercury
SYNONYMS EPA Pesticide Chemical Code 052001
SYNONYMS Mercuric bichloride
SYNONYMS Mercury bichloride

\ J SYNONYMS Mercury perchloride
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SYNONYMS NCI-C60173 •
SYNONYMS NSC 353255 >̂ v
SYNONYMS Quecksilberchlorid [German] v v
SYNONYMS Sublimat [Czech]
SYNONYMS Sulema [Russian] .

REFERENCE DOSE FOR ORAL EXPOSURE
oORAL RFD SUMMARY:

Critical Effect Experimental Doses* UF MF RfD

Autoimmune effects NOAEL: None 1000 1 3E-4
mg/kg-day

Rat Subchronic LOAEL: 0.226 mg/kg-day
Feeding and " ' ? ' .
Subcutaneous LOAEL: 0.317 mg/kg-day
Studies

LOAEL: 0.633 mg/kg-day
U.S.EPA.1987

"Conversion Factors and Assumptions — Dose conversions in the three studies
employed a 0.739 factor for HgCI2 to Hg2+, a 1 00% factor for subcutaneous
(s.c.) to oral route of exposure, and a time-weighted average for days/week of
dosing. This RfD is based on the back calculations from a Drinking Water
Equivalent Level (DWEL), recommended to and subsequently adopted by the
Agency, of 0.010 mg/L: (RfD ; = 0.010 mg/L x 2 L/day/70 kg bw » 0.0003 mg/kg
bw/day). The LOAEL exposure levels, utilized in the three studies selected as
the basis of the recommended DWEL, are from Druet et al. ( 1 978), Bemaudin et
al. (1981) and Andres (1984), respectively.

o ORAL RFD STUDIES:
. . ' I . . • '

U.S.EPA. 1987. Peer Review Workshop on Mercury Issues. Summary Report
Environmental Criteria and Assessment Office, Cincinnati, OH. October 26-27.

1 ~ \ . * i
On October 26-27, 1987, a panel of mercury experts met at a Peer Review

Workshop on Mercury Issues in Cincinnati, Ohio, and reviewed outstanding
issues concerning the health effects and risk assessment of inorganic mercury
(U.S. EPA, 1987). The following five consensus conclusions and
recommendations were agreed to as a result of this workshop:

1) The most sensitive adverse effect for mercury risk assessment is formation
of mercuric-mercury-induced autoimmune glomerulonephritis. The production and
deposition of IgG antibodies to the glomerular basement membrane can be
considered the first step in the formation of this mercuric-mercury-induced



autoimmune glomerulonephritis. -. • .

2) The Brown Norway rat should be used for mercury risk assessment. The Brown
Norway rat is a good test species for the study of Hg2+-induced autoimmune
glomerulonephritis. The Brown Norway rat is not unique in this regard (this

\ effect has also been observed in rabbits).

3) The Brown Norway rat is a good surrogate for the study of mercury-induced
kidney damage in sensitive humans. For this reason, the uncertainty factor
used to calculate criteria and health advisories (based on risk assessments
using the Brown Norway rat) should be reduced by 10-fold.

4) Hg2+ absorption values of 7% from the oral route and 100% from the s.c.
route should be used to calculate criteria and health advisories.

5) A DWEL of 0.010 mg/L was recommended based on the weight of evidence from
the studies using Brown Norway rats and limited human tissue data.

Three studies using the Brown Norway rat as the test strain were chosen from a
larger selection of studies as the basis for the panel's recommendation of
0.010 mg/L as the DWEL for inorganic mercury. The three studies are presented
below for the sake of completeness. It must be kept in mind, however, that

: the recommended DWEL of 0.010 mg/L and back calculated oral RfD of 0.0003
\̂ J mg/kg-day were arrived at from an intensive review and workshop discussions of

the entire inorganic mercury data base, not just from one study.

In the Druet etal. (1978) study, the duration of exposure was 8-12 weeks;
s.c. injection was used instead of oral exposure. In this study the
development of kidney disease was evaluated. In the first phase the rats
developed anti-GBM antibodies. During the second phase, which is observed
after 2-3 months, the patterns of fixation of antisera changed from linear to
granular as the disease progressed. The immune response was accompanied by
proteinuria and in some cases by a nephrotic syndrome..

Both male and female Brown Norway rats 7-9 weeks of age were divided into
groups of 6-20 animals each. The numbers of each sex were not stated. The
animals received s.c. injections of mercuric chloride (HgC12) 3 times weekly
for 8 weeks, with doses of 0,100,250,500,1000 and 2000 Ug/kg. An.
additional group was injected with a 50 ug/kg dose for 12 weeks. Antibody
formation was measured by the use of kidney cryostat sections stained with a
fluoresceinated sheep anti-rat IgG antiserum. Urinary protein was assessed by
the biuret method (Druet etal., 1978).

Tubular lesions were observed at the higher dose levels. Proteinuria was
\̂  reported at doses of 100 ug/kg and above, but not at 50 ug/kg. Proteinuria
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was considered a highly deleterious effect, given that affected animals
developed hypoalbuminemia and many died. Fixation of I gGantiserum was
detected in all groups except controls (Druet et al.f 1978). .\. -

Bemaudin etal. (1981) reported that mercurials administered by
inhalation or ingestion to Brown Norway rats developed a systemic autoimmune
disease. The HgC12 ingestion portion of the study involved the forcible
feeding of either 0 or 3000 ug/kg-week of HgC12 to male and female Brown
Norway rats for up to 60 days. No abnormalities were reported using standard
histological techniques in either experimental or control rats.
Immiinofluorescence histology revealed that 80% (4/5) of the mercuric-exposed
rats were observed with a linear IgG deposition in the glomeruli after 15 days
of exposure. After 60 days of HgC12 exposure, 100% (5/5) of the rats were
seen with a mixed linear and granular pattern of IgG deposition in the
glomeruli and granular IgG deposition in the arteries. Weak proteinuria was
observed in 60% (3/5) of the rats fed HgC12 for 60 days. The control rats
were observed to have no deposition of IgG in the glomeruli or arteries as
well as normal urine protein concentrations.

Andres (1984) administered HgC12 (3 mg/kg in 1 mL of water) by gavage to
five Brown Norway rats and two Lewis rats twice a week for 60 days. A sixth
Brown Norway rat was given only 1 rnL of water by gavage twice a week for 60
days. All rats had free access to tap water and pellet food. After 2-3 weeks
of exposure, the Brown Norway HgC12-treated rats started to lose weight and
hair. Two of the HgC12-treated Brown Norway rats died 30-40 days after
. beginning the study. No rats were observed to develop detectable proteinuria
during the 60-day study. The kidneys appeared normal in all animals when
evaluated using standard histological techniques, but examination by
immunofluorescence showed deposits of IgG present in the renal glomeruli of
only the mercuric-treated Brown Norway rats. The Brown Norway treated rats
were also observed with mercury-induced morphological lesions of the ileum and
colon with abnormal deposits of IgA in the basement membranes of the
intestinal glands and of IgG in the basement membranes of the lomina propria,
All observations in the Lewis rats and the control Brown Norway rat appeared
normal.

o ORAL RFD UNCERTAINTY:

UF — An uncertainty factor of 1000 was applied to the animal studies using
Brown Norway rats as recommended in U.S. EPA (1987). An uncertainty factor
was applied for LOAEL to NOAEL conversion: 10 for use of subchronic studies
and a combined 10 for both animal to human and sensitive human populations.

o ORAL RFD MODIFYING FACTOR:
'



MF —None ^ &•••'$.•'

o ORAL RFD COMMENTS :

Kazantzis et al. (1962) performed renal biopsies in 2 (out 6f 4) workers
with nephfotic syndrome who had been occupationally exposed to mercuric oxide,
mercuric acetate and probably mercury vapors. Investigators reported that the
nephrotic syndrome observed in 3 of the 4 workers may have been an • ,
idiosyncratic reaction since many other workers in a factory survey had
similarly high levels of urine mercury without developing proteinuria. This
conclusion was strengthened by work in Brown Norway rats indicating a genetic
(strain) susceptibility and that similar mercury-induced immune system
responses have been seen in affected humans and the susceptible Brown Norway
rats (U.S. EPA, 1987).

The only chronic ingestion study designed to evaluate the toxicity of
; mercury salts was reported by Fitzhugh et al. (1950). In this study, rats of

both sexes. (20-24/group) were given 0.5,2.5,10,40 or 160 ppm mercury as
mercuric acetate in their food for up to 2 years. Assuming food consumption
was equal to 5% bw/day, the daily intake would have been 0.025,6.125,0.50,
2.0 and 8.0 mg/kg for the five groups, respectively. At the highest dose
level, a slight depression of body weight was detected in male rats only. The
statistical significance of this body-weight depression was not stated.

{̂ ^ Kidney weights were significantly (p<0.05) increased at the 2.0 and 8.0 mg/kg
dose levels. Pathological changes originating in the proximal convoluted
tubules of the kidneys were also noted, with more severe effects in females
than males. The primary weaknesses of this study were (1) the lack of
reporting on which adverse effects were observed with which dosing groups and
(2) that the most sensitive strain, the Brown Norway rat, was not used for
evaluating the mercury-induced adverse health effects.

___ r • • ' • • ' ' • ,

NTP (1993) conducted subchronic and chronic gavage toxicity studies on
Fischer 344 rats and B6C3F1 mice to evaluate the effects of HgC12, and the
kidney appeared to be the major organ affected. In the 6-month study, Fischer
344 rats (10/sex /group) were administered 0,0.312,0,625,1.25,2.5 or 5
mg/kg-day of HgC12 (0.23,0.46,0.92,1.9 and 3.7 mg/kg-day) 5 days/weekby
gavage. Survival was not affected, although body-weight gains were decreased
in males at high dose and in females at or above the 0.46 mg/kg-day dose.
Absolute and relative kidney weights were significantly increased in both
sexes with exposure to at least 0.46 mg/kg-day. In males, the incidence of
nephropathy was 80% in the controls and 100% for all treated groups; however,
severity was minimal in the controls and two low-dose groups and minimal to
mild in the 0.92 mg/kg-day group and higher. In females, there was a
significant increased incidence of nephropathy only in the high-dose group

\J (4/10 with minimal severity). Nephropathy was characterized by foci of • ".



tubular regeneration, thickened tubular basement membrane and scattered
dilated tubules containing hyaline casts. No treatment-related effects were -%
observed in the other organs; however, histopathology on the other organs was ,-
performed only oh control and high-dose rats.

B6C3F1 mice (10/sex/group) were administered 0,1.25,2.5,5,10 or 20
mg/kg-day HgC12 (0,0.92,1,9,3.7,7.4 or 14.8 mg/kg-day) 15 days/week by
gavage for 6 months (NTP 1993). A decrease in body-weight gain was reported .
in only the males at the highest dose tested. Significant increases occurred
in absolute kidney weights of male mice at 3.7 mg/kg-day or greater and
relative kidney weights of male mice at 7.4 and 14.8 mg/kg-day doses. The
kidney weight changes corresponded to an increased incidence of cytoplasmic.
vacuolation of renal tubule epithelium in males exposed to at least 3.7 mg/kg-
day. The exposed female mice did not exhibit any histppathologic changes in
the kidneys.

In the 2-year NTP study, Fischer 344 rats (60/sex/group) were administered
0,2.5 and 5 mg/kg-day HgC12 (1.9 and 3.7 mg/kg-day) 5'days week by gavage
(NTP, 1993). After 2 years, survival was reduced in only the treated male rat
groups compared with the control. Mean body weights were decreased in both •
male and female treated groups. After 2 years, an increased incidence of
nephropathy of moderate-to-marked severity and increased incidence of tubule
hyperplasia was observed in the kidneys of exposed males compared with the /
controls. The control males exhibited nephropathy, primarily of mild-tb-
moderate severity. Hyperparathyroidism, mineralization of various tissues and
fibrous osteodystrophy were observed and considered secondary to the renal
impairment No significant differences were found in renal effects between
exposed and control females. Other nonneoplastic effects included an
increased incidence of forestomach hyperplasia in the exposed males and high* ,
dose females.

NTP(1993) also administered to B6C3F1 mice (60/sex/group) daily oral
gavage doses of 0,5 or 10 mg/kg-day HgC12 (0,3.7 and 7.4 mg/kg-day) 5
days/week by gavage for 2 years. Survival arid body weights of mice were
slightly lower in HgC12-treated mice compared with controls. Absolute kidney
weights were significantly increased in the treated males, while relative
kidney weights were significantly increased in high-dose males and both low-
and high-dose females. Histopathology revealed an increase in the incidence
and severity of nephropathy in exposed males and an increase in the incidence
of nephropathy in exposed females. Nephropathy was defined'las foci of
proximal convoluted tubules with thickened basement membrane and basophilic
ceils with scant cytoplasm. Some affected convoluted tubules contained
syaline casts. Also, an increase in nasal cavity inflammation (primarily
infiltration of granulocytes in nasal niucosa) was observed in the exposed . '
animals.

• •' . . ' • f *
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Gale and Perm (1971) studied the teratogenic effects of mercuric acetate •
1 j on Syrian golden hamsters. Single doses of 2,3 or 4 mg/kg were injected by
^̂  the i.v. route on day 8 of gestation. Growth retardation, increased

resorption rates and edema of the fetuses were found at all three dose levels,
while an increase in the number of abnormalities was detected at the two
higher doses. In a more recent study, Gale (1981) compared the embryotoxic
effectsof a single s.c. dose of 15 mg/kg mercuric acetate on the eighth day
of gestation in five inbred strains and one noninbred strain of Syrian
hamsters. While strain differences were apparent, a variety of abnormalities
were reported in all the strains. Gale (1974) also compared the relative
effectiveness of different exposure routes;in ̂Syrian hamsters. The following
sequence of decreasing efficacy was noted for mercuric acetate; i.p.> i.v. >
s.c. > oral. The lowest doses used, 2 mg/kg for i.p. and 4 mg/kg for the
other three routes, were all effective in causing increased resorption and
percent abnormalities.

In male mice administered a single i.p. dose of 1 mg/kg HgC12, fertility
decreased between days 28 and 49 post treatment with no obvious histological
effects noted in the sperm (Lee and Dixon, 1975). The period of decreased
fertility indicated that spermatogonia and premeiotic spermatocytes were ;
affected. The effects were less severe than following a similar dose of
methyl mercury. A single i.p. dose of 2 mg/kg HgC12 in female mice resulted

\̂ _/ in a significant decrease in the total number of implants and number of living
embryos and a significant increase in the percentage of dead implants (Suter,

, 1975). These effects suggest that mercury may be a weak inducer of dominant
lethal mutations,

o ORAL RFD CONFIDENCE:

Study-N/A - ^ .
DataBase —High
RfD-High .

No one study was found adequate for deriving an oral RfD; however, based
on the weight of evidence from the studies using Brown Norway rats and the
entirety of the mercuric mercury data base, an oral RfD of high confidence
results.

o ORAL RFD SOURCE DOCUMENT:

Source Document - U.S. EPA, 1988

This IRIS summary is included in The Mercury Study Report to Congress,
\j which was reviewed by OHEA and EPA's Mercury Work Group in November 1994. An
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interagency review by scientists from other federal agencies took place in
January 1995. The report was also reviewed by a panel of non-federal external
scientists in January 1995 who met in a public meeting on January 25-26; All
reviewers comments have been carefully evaluated and considered in the
revision and finalization of this IRIS summary. A record of these comments is
summarized in the IRIS documentation files. •

Other Docmentation-U.S. EPA, 1987 i

o REVIEW DATES : 08/05/85,02/05/86,08/19/86,11/16788
o VERIFICATION DATE : 11/16788 .
o EPA CONTACTS,:

W. Bruce Peirano / NCEA-(513)569-7540

Krishan Khanna / OST - (202)260-7588

REFERENCE DOSE FOR INHALATION EXPOSURE
o INHALATION RFP SUMMARY:

A risk assessment for this substance/agent is under review by an EPA work
group. \ '

oREVIEWDATES :03/22/90
EVIDENCE FOR HUMAN CARCINOGENICITY
o CLASSIFICATION : C; possible human carcinogen
o BASIS FOR CLASSIFICATION : Based on the absence of data in humans and

limited evidence of Carcinogenicity in rats
and mice. Focal papillary hyperplasia and .
squamous cell papillomas in the forestomach
as well as thyroid follicular cell adenomas
and carcinomas were observed in male rats
gavaged with mercuric chloride for 2 years.
The relevance of the forestomach papillomas
to assessment of cancer in humans is

, questionable because no evidence indicated
that the papillomas progressed to malignancy.
The relevance of the increase in thyroid
tumors has also been questioned because these

, tumors .are generally considered to be
secondary to hyperplasia; this effect was not



observed in the high-dose males. It should f
also be noted that the authors considered the

I j doses used in the study to exceed the MTD for
~̂~\. ' . . male rats. In the same study, evidence for

increases in squamous cell papillomas in the
forestomach of female rats was equivocal. In
a second study, equivocal evidence for renal
adenomas and adenocarcinomas was observed in
male mice; there was a significant positive
trend. This tumor type is rare in mice, and
the increase in incidence was statistically
significant when compared with historic
controls. Two other nonpositive lifetime
rodent studies were considered inadequate. .
Mercuric chloride showed mixed results in a
number of genotoxicity assays.

o HUMAN CARCINOGENICITY DATA:

None. No data are available on the carcinogenic effects of mercuric
chloride in humans. .

o ANIMAL CARCINOGENICITY DATA:

\̂ Ĵ Limited. The results from a dietary study in rats and mice show equivocal
evidence for carcinogenic activity in male mice and female rats and some .
evidence for carcinogenic activity in male rats. Two other dietary studies

' did not show any-evidence for Carcinogenicity, but these studies are limited
by inadequacies in the data and experimental design, including the small
number of animals/dose and/or a lack of complete histopathological ;
examinations. .' • - • ) . ' , . ' -
Mercuric chloride (purity >99%) was administered by gavage in water at

doses of 0,2.5 or 5 (mg/kgXday (0,1.9 and 3.7 (mg/kg)/day) to 60 F344
rats/sex/group, 5 days/week for 104 weeks (NTP, 1993). An interim sacrifice
(10/sex/dose) was conducted after 15 months of exposure. Complete

, histopathological examinations were performed on all animals found dead,
killed in extremis, or killed by design. Survival after 24 months was lower
in low- and high-dose males at a statistically significant rate; survival was
43,17 and 8% in control, low-, and high-dose males, respectively, and 58,47
and 50% in control, low-, and high-dose females, respectively. During the
second year of the study, body weight gains of low- and high-dose males were
91 and 85% of controls, respectively, and body weight gains of low- and high-
dose females were 90 and 86% of controls, respectively. At study termination,
nephropathy was evident in almost all male and female rats including controls,
but the severity was much greater in treated males. The incidence of "marked"



nephropathy was 6/50,29/50 and 29/50 in control, low-, and high-dose males,
respectively. Squamous cell papillomas of the forestomach showed a
statistically significant positive trend with dose by life table adjusted
analysis; the incidences were 0/50,3/50 and 12/50 in control, low- and high-
dose males, respectively. For females, the incidence was 0/50,0/49 and 2/50
in control, low- and high-dose groups, respectively. Theseneoplasms are rare
in male rats and occurred in only 1/264 historical controls. The incidence of
papillary hyperplasia of the stratified squamous epithelium lining of the
forestomach was elevated at a statistically significant rate in all dosed
males (3/49,16/50 and 35/50 in control, low* and high-dose males,
respectively) and in high-dose females (5/50,5/49 and 20/50 in control, low-
and high-dose females, respectively). The incidence of thyroid follicular
cell carcinomas, adjusted for survival, showed a significant positive trend in
males; the incidence was 1/50,2/50 and 6/50 in control, low- and high-dose
groups, respectively. The combined incidence of thyroid follicular cell
neoplasms (adenoma and/or carcinoma) was not significantly increased (2/50,
6/50 and 6/50 in control, low- and high-dose males, respectively). In female
rats a significant decrease in the incidence of mammary gland fibroadenomas
was observed (15/50,5/48 and 2/50 in control, low- and high-dose females,
respectively). The high mortality in both groups of treated males indicates
that the MTD was exceeded in these groups and limits the value of the study
for assessment of carcinogenic risk. NTP (1993) considered the forestomach
tumors to be of limited relevance to humans because the tumors did not appear
to progress to malignancy. NTP (1993) also questioned the relevance of the
thyroid carcinomas because these neoplasms are usually seen in conjunction
with increased incidences of hyperplasia and adenomas. In this study,
however, no increases in hyperplasia or adenomas were observed. Hyperplasia
incidence was 2/50,4/50 and 2/50 in control, low- and high-dose males,
respectively; adenoma incidence was 1/50,4/50 and 0/50 in control, low- and
high-dose males, respectively.

In the same study, mercuric chloride was administered by gavage in water
at doses of 0,5 or 10 (mg/kgyday (0,3.7 and 7.4 (mg/kgyday) to 60 B6C3F1
mice/sex/group 5 days/week for 104 weeks (NTP, 1993). An interim sacrifice
(10/sex/dose) was conducted after 15 months of exposure. Terminal survival
and body weight gain were not affected in either sex by the administration of
mercuric chloride. It should be noted that survival of high-dose females was
lower than controls; female survival rates were 82,70 and 62% in control,
low- and high-dose females, respectively. Female mice exhibited a significant
increase in the incidence of nephropathy (21/49,43/50 aid 42/50 in control,
low- and high-dose females, respectively). Nephropathy was observed in 80-90%
of the males in all groups. The severity of nephropathy increased with
increasing dose* The incidence of renal tubular hyperplasia was 1/50,0/50
and 2/49 in control, low- and high-dose males. The combined incidence of
renal tubular adenomas and adenocarcinomas was 0/50,0/50 and 3/49 in control,
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low- and high-dose males, respectively. .Although no tumors were seen in the
low-dose males, a statistically significant positive trend for increased
incidence with increased dose was observed. These observations were
considered important because renal tubular hyperplasia and tumors in mice are
rare. The 2-year historical incidence of renal tubular adenomas or
adenocarcinomas in males dosed by gavage with water was 0/205, and only 4 of
the nearly400 completed NTP studies have shown increased renal tubular
neoplasms in mice. Data from this study were not statistically compared with
historical control data by NTP. EPA's analysis of the reported data with
Fisher's Exact test showed that the incidence of renal tubular adenomas or
adenocarcinomas in the high-dose males was significantly elevated when
compared with historical controls (Rice and Knauf, 1994).

A 2-year feeding study in rats (20 or 24/sex/group; strain not specified)
was conducted in which mercuric acetate was administered in the diet at doses
ofO,0.5,2.5,10,40and 160 ppm (0,0.02,0.1,0.4,1.7and6.9(mg
Hg/kgVday (Fitzhugh et al., 1950). Survival was not adversely affected in
the study. Increases in kidney weight and renal tubular lesions were observed
at the two highest doses. No statement was made in the study regarding
Carcinogenicity. This study was not intended to be a Carcinogenicity assay,
and the number of animals/dose was rather small. Histopathological analyses
were conducted on only 50% of the animals (complete histopathology conducted
on only 31% of the animals examined), and no quantitation of results or
statistical analyses were performed.

No increase in tumor incidence was observed in a Carcinogenicity study
using white Swiss mice (Schroeder and Mitchener, 1975): Groups of mice
(54/sex/group) were exposed until death to mercuric chloride in drinking water
at 5 ppm Hg (0.95 (mg/kg)/day). No effects on survival or body weights were
observed. After dying, mice were weighed and dissected. The animals were
examined for gross tumors, and sornd sections were made of die heart, lung,
liver, kidney and spleen for microscopic examination. No toxic effects of
mercuric chloride were reported in the study. No statistically significant
differences were observed in tumor incidences for treated animals and
controls. This study is of limited use for evaluation of Carcinogenicity
because complete histological examinations were not performed, only a single
dose was tested, and the MTD was not achieved. '

o SUPPORTING DATA:

The increasing trend for renal tubular cell tumors in mice observed in the
NTP (1993) study receives some support from similar findings in mice after
chronic dietary exposure to methylmercury (Hirano et al., 1986; Mitsumori et
al, 1981,1990). In these studies, dietary exposure to methylmercuric

U j chloride resulted in increases in renal tubular tumors at doses wherein• **K̂ *̂  ; - • ' . •
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substantial nephrotoxicity was observed (see methylrhercury file on IRIS). •
. • ' - ••

AssununarizedinNTP(1993)andU.S.EPAO
produced some positive results for clastogenicity in a variety of in vitro and
in vivo genotoxicity assays; mixed results regarding its mutagenic activity
/have been reported. Mercuric chloride was negative in gene mutation tests
with Salmonella typhimurium (NTP, 1993; Wong, 1988) but produced DNA damage as
measured in the Bacillus subtilisrec assay (Kanematsu etal., 1980). A
weakly positive response for gene mutations was observed in mouse lymphoma ,
(L5178Y) cells in the presence of microsomal activation (Oberly et al., 1982).
DNA damage has also been observed in assays using rat and mouse embryo
fibroblasts (Zasukhina et al., 1983), CHO cells and human KB cells (Cantoni
and Costa, 1983; Cantoni etal., 1982,1984a,b; Christie et al., 1984,1986;
NTP, 1993; Williams et al., 1987). Mercuric chloride also produced chromosome
aberrations and SCEs in CHO cells (Howard et al., 1991) and chromosome
aberrations in human lymphocytes (Morimoto etal., 1982). Sex-linked
recessive lethal mutations were not observed in male Drosophila melanogaster
(NTP,1993).

Although mice given intraperitoneal doses of mercuric chloride have shown
no increase in chromosomal aberrations in bone marrow cells (Poma et al.,
1981) and no increase in ancuploidy in spermatogonia (Jagiello and Lin, 1973),
mercuric chloride administered to mice by gavage induced a dose-related
increase in chromosome aberrations and aberrant cells in the bone marrow
(Ghosh etal., 1991). Similarly, an increased incidence of chromosomal
aberrations (primarily deletion and numeric aberrations) was observed in
livers of fetal mice exposed to mercury in utero as the result of maternal
inhalation of aerosols of mercuric chloride (Selypes etal., 1984). Positive
dominant lethal results (increased resorptions and post-implantation deaths in
untreated females) have been Obtained in studies in which male rats were <
administered mercuric chloride orally (Zasukhina etal., 1983). A slight
increase in post-implantation deaths and a decrease in living embryos were
also reported in treated female mice mated to untreated males (Suter, 1975); *
however, it was not clear whether these effects were the result of germ cell .
mutations or were secondary to maternal toxicity.

The effects of mercuric chloride on genetic material has been suggested to
be due to the ability of mercury to inhibit the formation of the mitotic
spindle, an event known as c-mitosis (U.S. EPA, 1985).

ORAL EXPOSURE CARCINOGENICITY ASSESSMENT
o CLASSIFICATION : C; possible human carcinogen
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; o BASIS FOR CLASSIFICATION : Based on the absence of data in humans and
• limited evidence of Carcinogenicity in rats

and mice. Focal papillary hyperplasia and
squamous cell papillomas in the forestomach
as well as thyroid follicular cell adenomas
and carcinomas were observed in male rats
gavaged with mercuric chloride for 2 years.
The relevance of the forestomach papillomas
to assessment of cancer in humans is
questionable because no evidence indicated
that the papillomas progressed to malignancy.
The relevance of the increase in thyroid
tumors has also been questioned because these
tumors are generally considered to be
secondary to hyperplasia; this effect was not
observed in the high-dose males. It should
also be noted that the authors considered the
doses used in the study to exceed the MTD for
male rats. In the same .study, evidence for
increases in squamous cell papillomas in the
forestomach of female rats was equivocal. In

. a second study, equivocal evidence for renal
adenomas and adenocarcinomas was observed in
male mice; there was a significant positive
trend. This tumor type is rare in mice, and
the increase in incidence was statistically

• , significant when compared with historic
controls. Two other nonpositive lifetime
rodent studies were considered inadequate,

. Mercuric chloride showed mixed results in a
number of genotoxicity assays.

o ORAL DOSE-RESPONSE DATA :

None. The incidences of squamous cell papillomas of the forestomach and
thyroid follicular cell carcinomas were evaluated. No slope factor was
derived using the forestomach tumors because these tumors are probably '
the result of doses of mercuric chloride above-MTD resulting in irritation of
the forestomach and subsequent cell death and epithelial proliferation. The
carcinogenic mechanism for mercuric chloride at the high doses observed may be
specific to effects of irritation of the forestomach.

Regarding the thyroid carcinomas, a variety of drugs, chemicals and
physiological perturbations result in the development of thyroid follicular
tumors in rodents. For a number of chemicals, the mechanism of tumor

; A j development appears to be a secondary effect of long-standing hypersecretion

ARIOSE!



of thyroid-stimulating hormone by the pituitary (Capen and Martin, 1989;
McClain, 1989). In the absence of such long-term stimulatory effects, - f""%.
induction of thyroid follicular cell cancer by such chemicals usually does not ^v
occur (Hill, 1989). The mechanism hereby thyroid tumors developed in the NTP
(1993) assay is very unclear given that hyperplasia was not observed. The ,
study reviewers concluded that it was difficult to associate- the increase in
thyroid tumors with mercuric chloride administration. Thus, it would be of
questionable value to use the thyroid tumors in rats as the basis for a
quantitative cancer risk estimate for humans. .

All tumors in rats were observed at doses equalling or exceeding the MTD.
Kidney tumors in mice were observed in only the high-dose males. The
increased incidence \vas not statistically significant in comparison to the
concurrent controls, but was significant when compared with historical
controls. A linear low-dose extrapolation based on the male mouse kidney
tumor data (three tumors in the high-dose group only) is not appropriate.

INHALATION EXPOSURE NODATA
CARCINOGENICITY ASSESSME
CARCINOGENICITY ASSESSMENT DOCUMENTATION AND REVIEW
o CARCINOGENICITY SOURCE:

Source Document •*• U.S. EPA, 1995

This IRIS summary is included in The Mercury Study Report to Congress
which was reviewed by OHEA and EPA's Mercury Work Group in November 1994.' An
interagency review by scientists from other federal agepcies took place in
January 1995. The report was also reviewed by a panel of non-federal external
scientists in January 1995 who met in a public meeting on January 25-26. All
reviewers comments have been carefully evaluated mid considered in the
revision and finalization of this IRIS summary. A record of these comments is
summarized in the IRIS documentation files.
DOCUMENT

oREVIEWDATES :03/03/94
©VERIFICATION DATE :03/03/94
o EPA CONTACTS:

RitaSchoeny/NCEA-(513)569-7544 .

ONE-DAY HEALTH ADVISORY NODATA



TEN-DAY HEALTH ADVISORY NODATA

LONGER-TERM CHILD HEALTH ADVNO DATA

LONGER-TERM ADULT HEALTH ADVNO DATA

LIFETIME HEALTH ADVISORY NO DATA

DRINKING WATER ANALYTICAL PRNO DATA

DRINKING WATER TREATMENT NODATA

HEALTH ADVISORY NODATA
DOCUMENTATION AND REVIEW

CLEAN AIR ACT REQUIREMENTS NODATA

AMBIENT WATER QUALITY CRITERNO DATA

MAMMUM CONTAMINANT LEVEL NODATA

SECONDARY MAXIMUM CONTAMINANNO DATA

FIFRA REGISTRATION STANDARD NO DATA

REPORTABLE QUANTITIES NODATA

TITLE III LISTING NODATA,

RCRA REQUIREMENTS NODATA

TOXIC SUBSTANCES CONTROL ACTNO DATA
ORAL REFERENCE DOSE „ Andres, P. 1984. IgA-IgG disease in the intestine
REFERENCES ; of Brown Norway rats ingesting mercuric chloride.

Clin. Immunol. Immunopathol. 30:488-494.
ORAL REFERENCE DOSE Bemaudin, J,F., E. Druet, P. Druet and R. Masse.
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REFERENCES , 1981. Inhalation or ingestion of organic or '. ' *
' inorganic mercurials produces auto-immune disease

in rats. Clin. Immunol. Immunopathol. 20:129-135. .
ORAL REFERENCE DOSE Druet, P., E. Druet, F* Potdevin and C. Sapin.
REFERENCES 1978. Immune type glomerulonephritis induced by

HgC12 in the Brown Norway rat. Ann. Immunol. 129C:
777-792.

ORAL REFERENCE DOSE Fitzhugh, O.G., A.A. Nelson, E.P. Laug and F.M.
REFERENCES Kunze. 1950. Chronic oral toxicants of

mercuric-phenyl and mercuric salts. Arch. Ind.
Hyg. Occup. Med. 2:433-442.

ORAL REFERENCE DOSE Gale, T.F< 1974. Embrybpathic effects of different
REFERENCES routes of administration of mercuric acetate in

th$ banister. Environ. Res. 8:207-213.
ORAL REFERENCE DOSE Gale, T.F. 1981. The embryotoxic response produced
REFERENCES by inorganic mercury in different strains of .

hamsters. Environ. Res. 24:152-161.
ORAL REFERENCE DOSE Gale, T. and V. Fenn. 1971. Embryopathic effects
REFERENCES of mercuric salts. Life Sci. 10(2): 1.341-1347.
ORAL REFERENCE DOSE Kazantzis, G., K.F.R. Schiller, A. W, Asscher and
REFERENCES R.G. Drew. 1962. Albuminiiria and the nephrotic

, syndrome following exposure to mercury and its
compounds. Q.J. Med. 31(124): 403-419.

ORAL REFERENCE DOSE Lee, LD. and R.L, Dixoiu 1975. Effects of mercury
REFERENCES on spermatogenesis studied by velocity

sedimentation, cell separation and serial mating.
'j. Pharmacol. Exp. Ther. 194(1): 171-181.

ORAL REFEENCE DOSE NTP (National Toxicology Program). 1993.
REFERENCES Toxicology and carcinogenesis studies of mercuric

chloride (CAS No. 7487r94-7) in F344 rats and .
B3C3F1 mice (gavagê studies). NTP Technical Report
Series No. 408. National Toxicology Program, U.S.

: Department of Health and Human Services, Public
Health Service, National Institutes of Health, '
Research Triangle Paric, NC.

ORAL REFERENCE DOSE Suter, K.E. 1975. Studies on the donunant lethal
REFERENCES and fertility effects of the heavy metal compounds

methyl mercuric hydroxide, mercuric chloride, and
cadmium chloride in male and female mice. Mutat
Res. 30:365-374.

ORAL REFERENCE DOSE U.S.EPAr 1987. Peer Review Workshop̂ on Mercury
REFERENCES Issues. Environmental Criteria and Assessment

Office, Cincinnati, OH. Summary report. October
26-27; " -f*

ORAL REFERENCE DOSE U.S. EPA. 1988. Drinking Water Criteria Document
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REFERENCES for Inorganic Mercury. Prepared by the Office of
Health and Environmental Assessment Environmental
Criteria and Assessment Office, Cincinnati, OH for
the Office of Drinking Water. Washington, DC.
EPA/600/X-84/178. NT1S PB89-192207.

INHALATION REFERENCE DOSE None ...
REFERENCES :
CARCINOGENICITY Cantoni, 0, find M. Costa. 1983. Correlations of
ASSESSMENT REFERENCES DNA strand breaks and their repair with cell

survival following acute exposure to mercury (II)
andX-rays. MoL Phannacol. 24(1): 84-89.

CARCINOGENICITY Cantoni, O.,R.M. Evans and M. Costa. 1982.
ASSESSMENT REFERENCES Similarity in the acute cytotoxic response of

mammalian cells to mercury (II) and X-rays: DNA v
damage and glutathione depletion. Biochem.
Biophys. Res. Commun. 108(2): 614-619.

CARCINOGENICITY Cantoni, O., N.T. Christie, A. Swann, D.B. Drath
ASSESSMENT REFERENCES and M. Costa. 1984a. Mechanism of HgCI2

cytotoxicity in cultured mammalian cells. MoL .
Phannacol. 26:360-368.

CARCINOGENICITY Cantoni, O., N.T. Christie, S.H. Robinson and M.
ASSESSMENT REFERENCES Costa. 1984b. Characterization of DNA lesions

produced by HgCI2 in cell culture systems. Chem.
BioL Interact. 49:209-224.

CARCINOGENICITY Capen, C.C. and S.L. Martin. 1989. The effects of
ASSESSMENT REFERENCES xenobiotics on the structure and function of

.thyroid follicular and C-cells. Toxicol. PathoL
17(2): 266-293.

CARCINOGENICITY Christie, N.T., O. Cantoni, R.M. Evans, R.E. Meyn
ASSESSMENT REFERENCES and M. Costa. 1984. Use of mammalian DNA

repair-deficient mutants to assess the effects of ,
toxic metal compounds on DNA. Biochem. Phannacol.
33(10): 1661-1670.

CARCINOGENICITY Christie, N.T., O. Cantoni, M. Sugiyama, F.
ASSESSMENT REFERENCES Cattabeni and M. Costa. 1986. Differences in the

effects of Hg(II) on DNA repair induced in Chinese
hamster ovary cells by ultraviolet or X-rays. MoL
PharmacoL29:173-178-

CARCINOGENICITY Fitzhugh, O.G., A.A. Nelson, E.P. Lauge and F.M.
ASSESSMENT REFERENCES Kunze, 1950. Chronic oral toxicities of

mercuric-phenyl and mercuric salts. Arch. Ind.
Hyg. Occup. Med. 2:433-442.

CARCINOGENICITY Ghosh, A.K., S. Sen, A. Sharma and G. Talukder.
ASSESSMENT REFERENCES 1991. Effect of chlorophyllin on mercuric

i J chloride-induced clastogenicity in mice. Food.
^̂ £—*̂  ' . • •' . .
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Chem. Toxicol. 29(11): 777-779. '
CARCINOGENiaTY Hill, R.N., L.S. Erdreich, O.V. Paynter, PA.
ASSESSMENT REFERENCES Roberts, S.L. Rosenthal and C.F. Wilkinson. 1989.

' ___ • • , * . .

Review. Thyroid follicular cell carcinogenesis* . ',
Fund. Appl. Toxicol. 12:629-697.

CARCINOGENICITY ' Hirano, M., K. Mitsurnori, K. Maitaand Y. Shiraso.
ASSESSMENT REFERENCES, 1986. Further Carcinogenicity study on

methylmercury chloride in ICR mice. Jap. J. Vet
Sci. 48(1): 127-135.

CARCINOGENICITY Howard, W., B. Leonard, W. Moody and T.S. Kochhar.
ASSESSMENT REFERENCES 1991. Induction of chromosome changes by metal

compounds in cultured CHO cells. Toxicol. Lett
56(1-2): 179-186. > .

CARCINOGENICITY Jagiello, G. and J.S. Lin. 1973. An assessment of
ASSESSMENT REFERENCES the effects of mercury on the meiosis of mouse

ova Mutat. Res. 17:93-99.
CARCINOGENICITY Kanematsu, R, M. Kara and T. Kada. 1980. Rec
ASSESSMENT REFERENCES assay and rnutagencity studies on metal compounds.

Mutat Res. 77:109-116.
CARCINOGEiNICITY McClain,R.M. 1989. The significance of hepatic
ASSESSMENT REFERENCES microsomal enzyme induction and altered thyroid

function in rats: Implications for thyroid gland
neoplasia. Toxicol. Pathol. 17(2): 294-306.

CARCINOGENICITY Mitsumori, K., K. Maita, T. Saito, S. Tsuda and Y.
ASSESSMENT REFERENCES Shirasu. 1981. Carcinogenicity of methylmercury

chloride in ICR mice: Preliminary note on renal
.carcinogenesis. Cancer Lett. 12:305-310.

CARCINOGENICITY Mitsumori, K., M. Hirano, H. Ueda, K. Malta and Y.
ASSESSMENT REFERENCES Shirasu. 1990. Chronic toxicity and

Carcinogenicity of methylmercury chloride in
B6C3F1 mice. Fund. Appl. Toxicol. 14:179-190.

CARCINOGENICITY Morirnoto; K., S. lijimaand A. Koizumi. 1982.
ASSESSMENT REFERENCES Selenite prevents the induction of .

sister-chromatid exchanges by methyl mercury and
mercuric chloride in human whole-blood cultures.
Mutat Res. 102:183-192.

CARCINOGENICITY , NTP (National Toxicology Program). 1993. NTP
ASSESSMENT REFERENCES technical report on the toxicology and

carcinogenesis studies of mercuric chloride (CAS
No, 7487-94-7) in F344 rats and B6C3F1 mice
(gavage studies). NTP TR 408. National Toxicology
Program, U.S. Department of Health and Human
Services, Public Health Service, National
Institutes of Health, Research Triangle Park, NC.

CARCINOGENICITY Oberly, T.J.,C.E. Piper and D.S. McDonald. 1982.



ASSESSMENT REFERENCES Mutagenicity of metal salts in the L5178Y mouse
lymphoma assay. J. Toxicol. Environ. Health.1?: ;<
367-376.

CARCINOGENICITY Poma, K., M. Kirsch-Volders and C. Susanne. 1981,
ASSESSMENT REFERENCES Mutagenicity study of mice given mercuric

chloride. J.Appl. Toxicol. 1(6): 314-316.-
CARCINOGENICITY Rice, G. and L. Knauf. 1994. Further Statistical
ASSESSMENT REFERENCES Evaluation of the NTP Mercuric Chloride Mouse

Bioassay. Memorandum to the U.S. EPA CRAVE File
for Mercuric Chloride, March 1. '

CARCINOGENICITY Schroeder, H. and M.Mitchener. 1975. Life-time
ASSESSMENT REFERENCES effects of mercury, methyl mercury, and nine other

trace metals in mice. J. Nutr. 105:452-458. ,
CARCINOGENICITY Selypes, A., L. Nagymajtenyi and G. Berericsi.
ASSESSMENT REFERENCES 1984. Study of the mutagenic and teratogenic

effect of aerogenic mercury exposition in mouse.
Ĉollect. Med. Lê . Tpxicol. Med. 125:65-69.

CARCINOGENICITY Suter,K.E. 1975. Studies on the dominant-lethal
ASSESSMENT REFERENCES and fertility effects of the heavy metal compounds

methylmercuric hydroxide, mercuric chloride and
cadmium chloride in male and female mice. Mutat
Res. 30:365-374.

CARCINOGENICITY ILS.EPA, 1980. Ambient Water QualityCriteria
ASSESSMENT REFERENCES Document for Mercury. Prepared by the Office of

Health and Environmental Assessment, Environmental .
Criteria and Assessment Office, Cincinnati, OH for
the Office of Water Regulation and Standards,
Washington, DC. EPA/440/5-80/058. NTISPB SI-
117699.

CARCINOGENICITY U.S. EPA. 1984a. Mercury Health Effects Update:
ASSESSMENT REFERENCES Health Issue Assessment Final Report Prepared by

the Office of Health and Environmental Assessment,
Environmental Criteria and Assessment Office,
Cincinnati, OH for the Office of Air Quality
Planning and Standards, Research Triangle Park,
NC EPA/600/8- 84/019F. NTIS PB81-85-123925.

CARCINOGENICITY U.S. EPA. 1984b. Health Effects Assessment for
ASSESSMENT REFERENCES Mercury. Prepared by the Office of Health and

Environmental Assessment, Environmental Criteria
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ASSESSMENT REFERENCES for Mercury* Prepared by the Office of Health and



Environmental Assessment, Environmental Criteria .
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EPA/600/X-84/178. NTISPB86-117827.
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Criteria and Assessment Office, Cincinnati, OH for
the Office of Air Quality Planning and Standards,
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CARCINOGENiCITY , U.S. EPA. 1995. Mercury Study Report to Congress.
ASSESSMENT REFERENCES Office of Research and Development, Washington,

DC. External Review Draft. EPA/600/P-94/002Ab.
CARCINOGENICITY Williams, M.V.,T. Winters and K,S.Waddel. 1987.
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to DNA damage; DNA repair, and cytotoxicity. Mol.
Phannacol. 31:200-207.
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HEALTH ADVISORY None
REFERENCES
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MERCURY, ELEMENTAL
20JULY1995

3 -IMS
NAME OF SUBSTANCE Mercury, elemental
CAS REGISTRY NUMBER 7439-97-6
IRISNUMBER 369 .
LAST REVISION DATE 950607
UPDATEfflSTORY . 06/07/95,3fields
IRIS STATUS Oral RfD Assessment (RDO) no data
IRIS STATUS Inhalation RfC Assessment (RDI) on-line 06/01/95 ,
IRIS STATUS Carcinogenicity Assessment (CAR) on-line 05/01/95
IRIS STATUS Drinking Water Health Advisories (DWHA) no data
IRIS STATUS U.S. EPA Regulatory Actions (EXSR) on-line

01/01/92
IRIS REVISION HISTORY 09/07/88 CAR Carcinogen summary on-line
IRIS REVISION HISTORY 09/01/89 REFS Bibliography on-line
IRIS REVISION HISTORY 12/01/89 RDI Inhalation RfD now under review
IRIS REVISION HISTORY 05/01/91 CAREV Text edited
IRIS REVISION HISTORY 01/01/92 EXSR Regulatory Action section on-line
IRIS REVISION HISTORY 04/01/94 CAR Carcinogenicity assessment noted as

pending change
IRIS REVISION HISTORY 04/01/94 CARDR Work group review date added
IRIS REVISION HISTORY 05/01/95 CAR Carcinogen assessment replaced
IRIS REVISION HISTORY 05/01/95 CREF Carcinogen assessment references

replaced
IRIS REVISION HISTORY 06/01/95 RDI Inhalation RfC summary on-line
IRIS REVISION HISTORY 06/01/95IREF Inhalation RfC references on-line
RECORDLENGTH 64083
SYNONYMS hydragyrum
SYNONYMS Mercury
SYNONYMS Mercury, elemental .
SYNONYMS Mercury, inorganic
SYNONYMS Mercury, metallic ;
SYNONYMS . Mercury (organo) alkyl compounds
SYNONYMS CaswellNo.546 /
SYNONYMS COLLOIDAL MERCURY
SYNONYMS . EPA Pesticide Chemical Code 052301
SYNONYMS / KWIKfDutch]
SYNONYMS Liquid Silver ;
SYNONYMS Mercurc [French]
SYNONYMS Mercurio [Italian]
SYNONYMS Mercurio [Spanish]
SYNONYMS Mercury compounds
SYNONYMS Mercury vapor
SYNONYMS NCI-C60399



SYNONYMS Quecksilber [German]
SYNONYMS Quicksilver

REFERENCE DOSE FOR ORAL NO DATA
EXPOSURE ;

REFERENCE DOSE FOR INHALATION EXPOSURE [
o INHALATION RFD SUMMARY:

; Critical Effect Exposures* UF MF RfC

Hand tremor, increases NOAEL: None 30 1 3E-4
in memory disturbances; mg/cu.m
slight subjective and LOAEL: 0.025 mg/cu.m
objective evidence of (converted to LOAEL [ADS]
autonomic dysfunction of 0.009 mg/cu.m

Human occupational
inhalation studies ....

Fawer etal., 1983;
Piikivi and Tolonen, 1989; <
Piikivi and Hanninen, 1989;
Piikivi, 1989; :
Ngim etal,, 1992;
Liang etal., 1993

'Conversion Factors and Assumptions: This is an extrarespiratory effect of a
vapor (gas). The LOAEL is based on an 8-hour TWA occupational exposure; MVho
- 10 cu.m/day, MVh * 20 cu.m/day. LOAEL(HEC)« LOAEL(ADJ) - 0.025 mg/cujn x
MVho/MVh x 5 days/7 days ̂= 0.009 mg/cu.m. Air concentrations (TWA) were
measured in the Fawer et al. (1983), Ngim et al. (1992), and Liang et al.
(1993) studies. Air concentrations were extrapolated from blood levels based
on the conversion factor of Roels et al. (1987),as described in the Additional
Comments section for the studies of Piikivi and Tolonen (1989), Piikivi and
Hanninen (1989), and Piikivi (1989).

o INHALATION RFD STUDIES :

Fawer, R.F., U. DeRibaupierrc, M.P. Guillemin, M. Berpde and M. Lobe. 1983.
Measurement of hand tremor induced by industrial exposure to metallic mercury.
J.fodMed. 40:204-208.< " :. • .•[''".- . ' . ' t
Piikivi, L. and U. Tolonen. 1989. EEC findings in chlor-alkali workers

i J subjected to low long term exposure to mercury vapor. Br. J. Ind. Med.

AR 1051*71



46:370-375.
1 ' • ' • ; .. •

Piikivi, L. and H. Hanninen. 1989. Subjective symptoms and psychological
performance of chlorine-alkali workers, Scand. J. Work Environ. Health.
15:69-74.

' • ' * . . . . •
Piikivi, L. 1989. Cardiovascular reflexes and low long-term exposure to
mercury vapor. Int. Arch, Occup. Environ. Health. 61:391-395.

Ngim, C.H., S.C, Foo, K.W. Boey and J, Jeyaratnam. 1992. Chronic
neurobehavioral effects of elemental mercury in dentists. Br. J. Ind. Med.
49:782-790.

1 " ' • •
Liang, Y-X.,R-K. Sun, Y. Sun, Z-Q. Chen and L-H. Li. 1993. Psychological
effects of low exposure to mercury vapor: Application of a computer-
administered neurobehavioral evaluation system. Environ. Res. 60:320-327. •

Fawer etal. (1983) used a sensitive objective electronic measure of
intention tremor (tremors that occur at the initiation of voluntary movements)
in 26 male workers (mean age of 44 years) exposed to low levels of mercury
vapor in various occupations: fluorescent tube manufacture (n=7), chloralkali
plants (n=-12), and acetaldchydc production (n=7). Controls (n*25; mean age of
44.6 years) came from the same factories but were not exposed occupationally.
Personal air samples (two per subject) were used to characterize an average
exposure concentration of 0.026 rng/cu.m. It should be noted that it is likely
that the levels of mercury in the air varied during tlie period of exposure and
historical data indicate that previous exposures may have been higher.
Exposure measurements for the control cohort were not performed. The average
duration of exposure was. 15.3 years. The measures pf tremor were
significantly increased in the exposed compared to control cohorts, and were
shown to correspond to exposure and not to chronologic age. These findings
are consistent with neurophysiological impairments that might result from
accumulation of mercury in the cerebellum and basal ganglia. Thus, the TWA of
0.026 mg/cu.m was designated a LOAEL. Using the TWA and adjusting for
occupational ventilation rates and workweek, the resultant LOAEL(HEC) is 0.009
mg/cu.m.

' ' , • " .
Piikivi and Tolonen (1989) used EEGs to study the effects of long-term

exposure to mercury vapor in 41 chloralkali workers exposed for a mean of 15.6
+/- 8.9 years as compared with matched referent controls. They found that the
exposed workers, who had mean blood Hg levels of 12 ug/L and mean urine Hg
levels of 20 ug/L, tended to have an increased number of EEG abnormalities
when analyzed by visual inspection only. When the EEGs were analyzed by
computer, however, the exposed workers were found to have significantly slower
and'attenuated brain activity as compared with the referents. These changes
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were observed in 15% of the exposed workers. The frequency of these changes
correlated with cortical Hg content (measured in other studies); the changes

W were most prominent in the occipital cortex less prominent in the parietal
cortex, and almost absent in the frontal cortex. The authors extrapolated an

( xposure level associated with these EEG changes of 0.025 mg/cu.m from blood
levels based on the conversion factor calculated by Roels et al. (1987).

, Piikivi and Hanninen (1989) studied the subjective symptoms and
psychological performances on a computer-administered test battery in 60
chloralkali. workers exposed to mercury vapor for a mean of 13,7 +/- 5.5 years
as compared with matched referent controls. The exposed workers had mean
blood Hg levels of 10 ug/L and mean urine Hg levels of 17 ug/L. A .
statistically significant increase in subjective measures of memory
disturbance and sleep disorders was found in the exposed workers. The exposed
workers also reported more anger, fatigue and confusion. No objective
disturbances in perceptual motor, memory or learning abilities were found in
the exposed workers. The authors extrapolated an exposure level associated
with these subjective measures of memory disturbance of 0.025 mg/cu.m from
blood levels based on the conversion factor calculated by Roels et al. (1987).

Both subjective and objective symptoms of autonomic dysfunction were
investigated in 41 chloralkali workers exposed to mercury vapor for a mean of
15.6 •*•/- 8.9 years as compared with matched referent controls (Piikivi, 1989).

I J The quantitative non-invasive test battery consisted of measurements of pulse
rate variation in normal and deep breathing, in the Valsalva maneuver and in
vertical tilt, as well as blood pressure responses during standing and
isometric work. Jhe exposed workers had mean blood levels of 11.6 ug/L and ,
mean urine levels of 19.3 ug/L. The exposed workers complained of more
subjective symptoms of autonomic dysfunction than the controls, but the only
statistically significant difference was an increased reporting of
palpitations in the exposed workers. The quantitative tests revealed a slight
decrease in pulse rate variations, indicative of autonomic reflex dysfunction,.
in the exposed workers. The authors extrapolated an exposure level associated
with these subjective and objective measures of autonomic dysfunction of 0.030
mg/cu.m from blood levels based on the conversion factor calculated by Roels
etal. (1987).

Two more recent studies in other working populations corroborate the
neurobehavioral toxicity of low-level mercury exposures observed in the Fawer
etal. (1983), Piikivi and Tolonen (1989), Piikivi and Hanninen (1989), and
Piikivi (1989) studies. t

Ngim et al. (1992) assessed neurobehavioral performance in a cross-
sectional study of 98 dentists (38 female, 60 male; mean age 32, range 24-49

v j years) exposed to TWA concentrations of 0.014 mg/cu.m (range 0.0007 to 0.042



mg/cu.m) versus 54 controls (27 female, 27 male; mean age 34, range 23-50
years) with no history of occupational exposure to mercury. Air
concentrations were measured with personal sampling badges over typical
working hours (8-10 hours) andconverted to an 8-hour TWA. No details on the
number of exposure samples or exposure histories were provided. Blood samples
from the exposed cohort were also taken and the data supported the
correspondence calculated by Roels etal. (1987). Based on extrapolation of
the average blood mercury concentration (9.8 ug/L), the average exposure
concentration would be estimated at 0.023 mg/cu.m. The average duration of
practice of the exposed dentists was 5.5 years. Exposure measurements of the
control cohort were not performed. The exposed and control groups were
adequately matched for age, amount of fish consumption, and number of amalgam
dental fillings. The performance of the dentists was significantly worse than
controls on a number of neurobehavioural tests measuring motor speed (finger
tapping), visual scaning, visumotor coordination and concentration, visual
memmory, and visuomotor coordination speed. These neurobehavioral effects are
consistent with central and peripheral neurotoxicity and the TWA is considered
a LOAEL. Using the TWA and adjusting for occupational ventilation rates and
the reported 6-day workweek, the resultant LOAEL(HEC) is 0.006 mg/ciun.

Liang etal. (1993) investigated workers in a fluorescent lamp factory
with a computer-adminstered neurobehavioral evaluation system and a mood
inventory profile. The exposed cohort (mean age 34.2 years) consisted of 19
females and 69 males exposed to ninterruptedly for at least 2 years prior to
the study. Exposure was monitored with area samplers and ranged from 0.008 to
0.085 mg/cu.m across worksites. No details on how the exposure profiles to
account for- time, spent in different worksites were Constructed. The average
exposure was estimated at 0.033 mg/cu.m. (range 0.005, to 0.19 mg/cu.m). The
average duration was of working was 15.8 years for the exposed cohort.
Urinary excretion was also monitored and reported to average 0.025 mg/L. The
control cohort (mean age 35.1 years) consisted of 24 females and 46 males
recruited from an embroidery factory. The controls were matched for age,
education, smoking and drinking habits. Exposure measurements for the control
cohort were not performed. The exposed cohort performed significantly worse
than die control on tests of finger tapping, mental arithmetic, two-digit
searches, switiching attention, and visual reaction time. The effect on
performance persisted after the confounding factor of chronological age was
controlled Based on these neurobehavioral effects, the TWA of 0.033 mg/ciun
is designated as LOAEL. Using the TWA and adjusting for occupational
ventilation rates and workweek, the resultant LOAEL(HEC) is 0.012 mg/cu.m.
1 , : ' • " ' ' '• /
The above studies were taken together as evidence for a LOAEL based on

neurobehavioral effects of low-level mercury exposures. The LOAEL(HEC) levels
calculated on measured air concentration levels of the Ngim etal. (1992) and
the Liang etal. (1993) studies bracket that calculated based on the air '
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concentrations measured by Fawer et al. (1983) as a median HECJevel.
Extrapolations of blood levels, used as biological monitoring that accounts
for variability in exposure levels, also converge at 0.025 mg/cu.m as a TWA
which results in the same HEC level. Thus, the TWA level of 0.025 mg/cu.m was
used to represent the exposure for the synthesis of the studies described
above. Using this TWA and taking occupational ventilation rates and workweek .
into account results in a LOAEL(HEC) of 0.009 mg/cujn.- .

o INHALATION RFD UNCERTAINTY :

UF — An uncertainty factor of 10 was used for the protection of sensitive
human subpopulations (including concern for acrodynia - see Additional
Comments section) together with the use of a LOAEL. An uncertainty factor of
3 was used for lack of data base, particularly developmental and reproductive
studies. - >

o INHALATION RFD MODIFYING :

MF-~None
FACTOR

o INHALATION RFD COMMENTS :- . ' ? ' ' .

V> (Probably the most widely recognized form of hypersensitivity to mercury
poisoning is the uncommon syndrome known as acrodynia, also called erythredema
polyneuropathy or pink disease (Warkany and Hubbard, 1953). Infantile
acrodynia was first described in 1828, but adult cases have also Since been
.reported. While acrodynia has generally been associated with short-term
exposures and with urine levels of 50 ug/L or jnore, there are some cases in
the literature in which mercury exposure was known to have occurred, but no
significant (above background) levels in urine were reported. There could be
many reasons for this, but the most likely is that urine levels are not a
simple measure of body burden or of target tissue (i.e., bran levels);
however, they are the best means available for assessing the extent of
exposure. It was felt that the RfC level estimated for mercury vapor based on
neurotoxicity of chronic exposure in workers is adequate to protect children
from risk of acrodynia because such exposures of long duration would be
expected to raise urine levels by only 0.12 ug/L against a background level of
up to 20 ug/L (i.e., such exposures would not add significantly to the
background level of mercury in those exposed). .

Roels et al. (1987) investigated the relationships between the
concentrations of metallic mercury in air and levels monitored in blood or
urine in workers exposed during manufacturing of dry alkaline batteries.

\ j Breathing zone personal samples were used to characterize airborne mercury
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vapors. Total mercury in blood and urine samples were analyzed using atomic
absorption. The investigation controlled for several key factors including
the use of reliable personal air monitoring, quality control for blood and
urine analyses, standardization of the urinary mercury concentration for
creatinine concentration, and stability of exposure conditions (examined
subjects were exposed to mercury vapor for at least 1 year); Strong
correlations were found between the daily intensity of exposure to mercury
vapor and the end of workshift levels in blood (r*0.86;n==40) or urine
(r==0.81;nas34). These relationships indicated a conversion factor of 1:4.5
(air.blood) and 1:1.22 (airurine as ug/g creatinine). These factors were
used to extrapolate blood or urine levels associated with effects in the
reported studies to airborne mercury levels.

Sensory and motor nerve conduction velocities were studied in 18 workers
from a mercury cell chlorine plant (Levine et al., 1982). Time-integrated
urine Hg levels were used as an indicator of mercury exposure. Using
linearized regression analysis, the authors found that motor and sensory nerve
conduction velocity changes (i.e., prolonged distal latencies correlated with
the time-integrated urinary Hg levels in asymptomatic exposed workers)
occurred when urinary Hg levels exceeded 25 ug/L.> This study demonstrates
that mercury exposure can be associated with preclinical evidence of
peripheral neurbtoxicity.

Singer etal. (1987) studied nerve conduction velocity of the median ,
motor, median sensor and sural nerves in 16 workers exposed to various
inorganic mercury compounds (e.g., mercuric oxides, mercurial chlorides, and
phenyl mercuric acid) for an average of 7.3 +/-. 7.1 years as compared with an
unexposed control group using t-tests. They found a slowing of nerve
conduction velocity in motor, but not sensory, nerves that correlated with
increased blood and urine Hg levels and an increased number of neurologic
symptoms. The mean mercury levels in the exposed workers were 1.4 and 10 ug/L
for blood and urine, respectively. These urine levels are 2-fold less than
those associated with peripheral neurotoxicity in other studies (e.g., Levine
et al., 1982). There was considerable variability in the data presented by
Singeretal. (1987), however, and the statistical analyses (t-test) were not
as rigorous as those employed by Levine et al. (1982) (linearized regression
analysis). Furthermore, the subjects in the Levine et al. (1982) study were
asymptomatic at higher urinary levels than those reported to be associated V
with subjective neurological complaints in the workers studied by Singer et
al. (1987). Therefore, these results are not considered to be as reliable as •
those reported by Levine etal. (1982).

Miller et al. (1975) investigated several subclinical parameters of
neurological dysfunction in 142 workers exposed to inorganic mercury in either
the chloralkali industry or a factory for the manufacture of magnetic



materials. They reported a significant increase in average forearm tremor
frequency in workers whose urinary Hg concentrations exceeded 50 ug/L as
compared with unexposed controls. Also observed were eyelid fasciculation,
hyperactive deep-tendon reflexes and dermatographia, but there was no .
correlation between the incidence of these findings and urinary Hg levels.

Roels etal. (1985) examined 131 male and 54 female workers occupationally
exposed to mercury vapor for an average duration of 4.8 years. Urinary
mercury (52 and 37 ug/g creatinine for males and females, respectively) and
blood mercury levels (14 and 9 ug/L for males and females, respectively) were
recorded, but atmospheric mercury concentration was not provided. Symptoms
indicative of CNS disorders were reported but not related to mercury exposure.
Minor renal tubular effects were detected in mercury-exposed males and females
and attributed to current exposure intensity rather (urinary Hg >50 ug/g
creatinine) than exposure duration. Male subjects with urinary mercury levels
of >50 ug/g creatinine exhibited preclinical signs of hand tremor. It was
noted that females did not exhibit this effect and that their urinary mercury \
never reached the level of 50 ug/g creatinine. A companion study (Roels et
al., 1987) related air mercury (Hg-air)levels to blood mercury (Hg-blood) and
urinary mercury (Hg-U) values in 10 workers in a chloralkali battery plant
Duration of exposure was not specified. A high correlation was reported for
Hg-air and Hg-U for preshift exposure (r=0.70, p<0.001) and post-shift
(r=0.81,p<0.001) measurements. Based on these data and the results of their
earlier (1985) study, the investigators suggested that some mercury-induced
effects may occur when Hg-U levels exceed 50 ug/g creatinine, and that this
value corresponds to a mercury TWA of about 40 ug/cu.m.

A survey of 567 workers at 21 chloralkali plants was conducted to
ascertain the effects of mercury vapor inhalation (Smith et al., 1970).
Mercury levels ranged from <0.01 to 0.27 mg/cu.m and chlorine concentrations
ranged from 0.1 to 0.3 ppm at most of the working stations of these plants.
Worker exposure to mercury levels (TWA) varied, with 10.2% of the workers
being exposed to <O.OI mg/cu.m, 48.7% exposed to 0.01 to 0.05 mg/cu.m,25.6%
exposed to 0.06 to 0.10 mg/cu.m and 4.8% exposed to 0.24 to 0.27 mg/cu.m
(approximately 85% were exposed to Hg levels less than or .equal to 011 <
mg/cu.m). The duration of employment for the examined workers ranged from one
year (13.3%) to >10 years' (31%), with 55.7% of the workers being employed for
2 or 9 years. Agroupof 600 workers not exposed to chlorine served as a
control group for assessment of chlorine effects, and a group of 382 workers
not exposed to either chlorine or mercury vapor served as the reference
control group. A strong positive correlation (p<0,001) was found between the _
mercury TWAs and the reporting of subjective neuropsychiatric symptoms
(nervousness, insomnia), occurrence of objective tremors, and weight and
appetite loss. A positive correlation (p<0.001) was also found between
merciiiy exposure levels and urinary and blood mercury levels of test subjects. .
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No adverse alterations in cardiorespiratory, gastrointestinal, renal or :
hepatic functions were attributed to the mercury vapor exposure.
Additionally, biochemical (hematologic data, enzyme activities) and clinical
measurements (EKG, chest X-rays) were no different between the mercury-exposed
and non-exposed workers. No significant signs or symptoms were noted for
individuals exposed to mercury vaporconcentrations less than or equal to 0.1
mg/cu.m. This study provides data indicative of a NOAEL of 0.1 mg Hg/cu.m and
a LOAEL of 0.18 mg Hg/cu.m. In a followup study conducted by Bunn et al.
(1986), hoNvever, no significant differences in the frequency of objective or
subjective findings such as weight loss and appetite loss were observed in
workers exposed to mercury at levels that ranged between 50 and 100 ug/L. The
study by Bunn etal. (1986) was limited, however, by the lack of information
provided regarding several methodological questions such as quality assurance
measures and control of possible confounding variables.

The mercury levels reported to be associated with preclinical and
symptomatic neurological dysfunction are generally lower than those found to
affect kidney function, as discussed below.

Piikivi and Ruokonen (1989) found no evidence of glornerular or tubular
damage in 60 chloralkali workers exposed to mercury vapor for an average of
13 J +/- 5.5 years as compared with their matched referent controls. Renal
function was assessed by measuring urinary albumin and N-acetyl-beta-
glucosaminidase (NAG) activity. The mean blood Hg level in the exposed
workers was 14 ug/L and the mean urinary level was 17 ug/L. Theauthors •
extrapolated the NOAEL for kidney effects based on these results of 0.025
mg/cu.m from blood levels using the conversion factor calculated by Roels et
al.(1987). " , - . : '

1 . ' • < ' ' ' '' • ^ '
Stewart etal. (1977) studied urinary protein excretion in 21 laboratory

workers exposed to 10-50 ug/cu.m of mercury. Their urinary level of mercury
was about 35 ug/L. Increased proteinuria was found in the exposed workers as,
compared with unexposed controls. When preventive measure were instituted to
limit exposure to mercury, proteinuria was no longer observed in the exposed
technicians. , '

• . • - " • •• • '>.•'' I' • *
Lauwerys et al. (1983) found no change in several indices of renal '

.function (e.g.,proteinuria, albuminuria, urinary excretion of retinol-binding
protein, aminoaciduria, creatinine in serum, beta-2-microglobulin in serum) in
62 workers exposed to mercury vapor for an average of 5.5 years. The mean
urinary Hg excretion in the exposed workers was 56 ug/g creatinine, which
correspond? to an exposure level of about 46 ug/cu.m according to a conversion
factor of 1:1.22 (ainurine [ug/g creatinine]) (Roels et al., 1987). Despite
the lack of observed renal effects, 8 workers were found to have an increased ,
in serum anti-laminin antibodies,*which can be indicative of immunological



effects! In a followup study conducted by Bernard et al. (1987), however,
there was no evidence of increased serum anti-laminin antibodies in 58 workers
exposed to mercury vapor for an average of 7.9 years. These workers had a
mean urinary Hg excretion of 72 ug/g creatinine, which corresponds to an
exposure levels of about 0.059 mg/cu.m.

Stonard etal. (1983) studied renal function in 100 chloralkali workers
exposed to inorganic mercury vapor for an average of 8 years. No changes in
die following urinary parameters of renal function were observed at mean
urinary Hg excretion rates of 67 ug/g creatinine: total protein, albumin,
alpha-1-acid glycoprotein, beta-2-microglobulin, NAG, and gamma-glutamyl
transferase. When urinary Hg excretion exceeded 100 ug/g creatinine, a small
increase in the prevalence of higher activities of NAG and gamma-glutamyl,,
transferase was observed.

The mercury levels reported to be associated with preclinical and
symptomatic neurological dysfunction and kidney effects are lower than those
found to pulmonary function, as discussed below.

McFarland and Reigel (1978) described the cases of 6 workers who were
acutely exposed (4-8 hours) to calculated metallic mercury vapor levels of 1.1
to 44 mg/cu.m. These men exhibited a combination of chest pains, dyspnea,
cough, hemoptysis, impairment of pulmonary function (reduced vital capacity),
diffuse pulmonary infiltrates and evidence of interstitial pneumonitis.
Although the respiratory symptoms resolved, all six cases exhibited chronic
neurological dysfunction, presumably as a result of the acute, high-level
exposure to mercury vapor.

. . . • i ' '
Lilis et al. (1985) described the case of a 31-year-old male who was

acutely exposed to high levels of mercury vapor in a gold-extracting facility.
Upon admission to the hospital, the patient exhibited dyspnea, chest pain with
deep inspiration, irregular infiltrates in the lungs and reduced pulmonary
function (forced vital capacity [FVC]). The level of mercury to which he was
exposed is not known, but a 24-hour urine collection contained 1900 ug Hg/L.
Although the patient improved gradually over the next several days, 11 months
after exposure he still showed signs of pulmonary function abnormalities
(e.g., restriction and diffusion impairment). .

Levin et al. (1988) described four cases of acute high-level mercury
exposure during gold ore purification. The respiratory symptoms observed in
these four cases ranged from minimal shortness of breath and cough to severe
hypoxemia. The most severely affected patient exhibited mild interstitial
lung disease both radiographically and on pulmonary function testing. One
patient had a urinary Hg level of 245 ug/L upon hospital admission. The
occurrence of long-term respiratory effects in these patients could not be



evaluated since all but one refused follow-up treatment.

Ashe et al. (1953) reported that there was no histopathological evidence
of respiratory damage in 24 rats exposed to 0.1 mg Hg/cu.m 7 hr/day, 5
days/week for 72 weeks. This is equivalent to a NOAEL[HEC] of 0.07 mg/cu.m.

Kishi et al. (1978) observed no histopathological changes in the lungs of
rats exposed to 3 mg/cam of mercury vapor 3 hours/day, 5 days/week for 12-42
weeks. , . ' ' " . - • ' '

Beliles et al. (1967) observed no histopathological changes in the lungs
of pigeons exposed to 0.1 mg/cu.m of mercury vapor 6 hours/day, 5 days/week
for 20 weeks.

Neurological signs and symptoms (i.e., tremors) were observed in 79
workers exposed to metallic mercury vapor whose urinary mercury levels
exceeded 500 ug/L. Short-term memory deficits were reported in workers whose
urine levels were less than 500 ug/L (Langolf et al., 1978).

Impaired performance in mechanical and visual memory tasks and psychomotor
ability tests was reported by Fond et al. (1978) in exposed workers whose
urinary Hg levels exceeded 100 ug/L.

Decreased strength, decreased coordination, increased tremor, decreased •
sensation and increased prevalence of Babinski and snout reflexes were
exhibited by 247 exposed workers whose urinary Hg levels exceeded 600 ug/L.
Evidence of clinical neuropathy was observed at urinary Hg levels that
exceeded 850 ug/L (Albers et al., 1988).

Preclinical psychomotor dysfunction was reported to occur at a higher
incidence in 43 exposed workers (mean exposure duration of 5 years) whose mean
urinary excretion of Hg was 50 ug/L. Workers in the same study whose mean
urinary Hg excretion was 71 ug/L had a higher incidence of total proteinuria
and albuminuria (Roels et aL, 1982).

Postural and intention tremor was observed in 54 exposed workers (mean
exposure duration of 7.7 years) whose mean urinary excretion of Hg was 63 ug/L
(Roels etal., 1989).

Verbeck et al. (1986) observed an increase in tremor parameters with
increasing urinary excretion of mercury in 21 workers exposed to mercury vapor
for 0.5-19 years. The LOAEL for this effect was a mean urinary excretion of
35 ug/g creatinine.

Rosenman et al. (1986) evaluated routine clinical parameters (physical
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exams, blood chemistry, urinalysis), neuropsychological disorders, urinary
NAG, motor nerve conduction velocities and occurrence of lenticular opacities
in 42 workers of a chemical plant producing mercury compounds. A positive
correlation (p<0.05 to p<0.001) was noted between urinary mercury (levels
ranged from 100-250 ug/L) and the number of neuropsychological symptoms, and
NAG excretions and the decrease in motor nerve conduction velocities.

Evidence of renal dysfunction (e.g., increased plasma and urinary
concentrations of beta-galactosidase, increased urinary excretion of high-
molecular weight proteins and a slightly increased plasma beta-2-microglobulin
concentration) was observed in 63 chloralkali workers. The incidence of these
effects increased in workers whose urinary Hg excretion exceeded 50 ug/g
creatinine (Buchet etal., 1980).

Increased urinary NAG levels were found in workers whose urinary Hg levels
exceeded 50 ug/L (Langworth et al., 1992).

An increase in the concentration of urinary brush border proteins (BB-50)
was observed in 20 workers whose mean urinary Hg excretion exceeded 50 ug/g
creatinine (Mutti etal., 1985).

Foa etal. (1976) found that 15 out of 81 chloralkali workers exposed to
60-300 ug/cu.m mercury exhibited proteinuria.
• • ' ' • . " . . ' , " ' ' • ' . . - , ; • ' . - ' " -An increased excretion of beta-glutamyl transpeptidase, indicative of
renal dysfunction, was found in 509 infants dermally exposed to phenylmercury
via contaminated, diapers (Gotelli etal., 1985). **. • ,

Berlin et al. (1969) exposed rats, rabbits and monkeys to 1 mg/cu.m of
mercury vapor for 4 hours and measured the uptake and distribution of mercury
in the brain as compared with animals injected intravenously with the same
doses of mercury as mercuric salts. Mercury accumulated in the brain
following inhalation exposure to metallic mercury vapor at levels that were 10
times higher than those observed following intravenous injection of the same
dose of mercury ̂  mercuric salts. These results demonstrate that mercury is
taken up by the brain following inhalation of the vapor at higher levels than
other forms of mercury and that this occurs in all species studied.

Limited animal studies concerning inhalation exposure to inorganic mercury
are available. The results of a study conducted by Baranski and Szymczyk
(1973) were reported in an English abstract. Adult female rats were exposed
to metallic mercury vapor at 2.5 mg/cu.m for 3 weeks prior to fertilization
and during gestation days 7-20. A decrease in the number of living fetuses
was observed in the dams compared with unexposed controls, and all pups bom
to the exposed dams died by the sixth day after birth. However, no difference
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in the occurrence of developmental abnormalities was observed between exposed
and control groups. The cause of death of the pups in the mercury-exposed I
group was unknown, although an unspecified percentage of the deaths was '
attributed by the authors to a failure of lactation in the dams. Deathof
pups was also observed in another experiment where dams were only exposed
prior to fertilization (to 2.5 mg/cu.m), which supports thê fconclusion that
the high mortality in the first experiment was due at least in part to poor
health of the mothers. Without further information, this study must be . - -
considered inconclusive regarding developmental effects.

The only other study addressing the developmental toxicology of mercury is
the one reported in abstract form by Steffek etal. (1987) and, as such, is •
included as a supporting study. Sprague-Dawley rats (number not specified)
were exposed by inhalation to mercury vapor at concentrations of 0.1,0.5 or
1. Omg/ciun throughout the period of gestation (days 1-20) or during the -
period of organogenesis (days 10-15). The authors indicated the exposure .'
protocols to be chronic and acute exposure, respectively. At either exposure
protocol, the lowest mercury level produced no detectable adverse effect At
0.5 mg/cu.m, an increase in the number of resorptions (5/41) was noted for the
acute group, and two of 115 fetuses exhibited gross cranial defects in the !\
chronic group. At 1.0 mg/cu.m, the number of resorptions was increased in
acute (7/71) and chronic (19/38) groups and a decrease in maternal and fetal
weights also was detected in the chronic exposure group. No statistical
analysis for these data was provided. A LOAEL of 0.5 mg/cujn is provided
based on these data. ' .

Mishinova etal. (1980) investigated the course of pregnancy and
parturition in 349 women exposed via inhalation to metallic mercury vapors
(unspecified concentrations) in the workplace as compared to 215 unexposed -
women. The authors concluded that the rates of pregnancy and labor
complication were high among women exposed to mercury and that the effects
depended on "the length of service and concentration of mercury vapors." Lack
of sufficient details preclude the evaluation of dose-response relationships. " "

In a questionnaire that assessed the fertility of male workers exposed to
mercury vapor, Lauwerys etal. (198 5) found no statistically significant
change in the observed number of children born to the exposed group compared
with a matched control group. The urinary excretion of mercury in the exposed
workers ranged from 5.1 to 272.1 ug/g creatinine.

: . " . ' • ' - . • • . - " . t

Another study found that exposure to metallic mercury vapor caused
prolongation of estrus cycles in animals. Baranski and Szymczyk( 1973)
reported that female rats exposed via inhalation to mercury vapor at an
average of 2.5 mg/cu.m, 6 hours/day, 5 days/week for 21 days experienced
longer estrus cycles than unexposed animals. In addition, estrus cycles



during mercury exposure were longer than normal estrus cycles in the same
animals prior to exposure. Although the initial phase of the cycle was
protracted, complete inhibition of the cycle did not occur. During the second
and third weeks of exposure, these rats developed signs of mercury poisoning
including restlessness, seizures and trembling of the entire body. The . ,
authors speculated that the effects on the estrus cycle were caused by the
action of mercury on the CNS (i.e., damage to the hypothalamic regions
involved in the control of estrus cycling).

Renal toxicity has been reported following oral exposure to inorganic
mercury salts in animals, with the Brown-Norway rat appearing to be uniquely
sensitive to this effect. These mercury-induced renal effects in the Brown-
Norway rat are the basis for the oral RfD for mercurial mercury. Several
investigators have produced autoimmune glomerulonephritis by administering
HgC12 to Brown-Norway rats (Druet et al., 1978).

The current OSHA standard for mercury vapor is 0.05 mg/cu.m. NIOSH
recommends a TWA Threshold Limit Value of 0.05 mg/cu.m for mercury vapor.

o INHALATION RFD CONFIDENCE : Study - Medium Data Base - Medium RfC «
Medium Due to the use of a sufficient
number of human subjects, the inclusion of
appropriate control groups, the exposure
duration, the significance level of the .
reported results and the fact that exposure
levels in a number of the studies had to be

. extrapolated from, blood mercury levels,
confidence in the key studies is medium. The
LOAEL values derived from these studies can
be corroborated by other human epidemiologic •

, studies. The adverse effects reported in
these studies are in accord with the
well-documented effects of mercury
poisoning. The lack of human or multispecies

•,'."> reproductive/ developmental studies precludes . •
assigning a high confidence rating to the
data base and inadequate quantification of
exposure levels. Based on these
considerations, the RfC for mercury is
assigned a confidence rating of medium.

o INHALATION RFD SOURCE :

Source Document--U.. EPA, 1995

This IRIS summary is included in The Mercury Study Report to Congress



which was reviewed by OHEA and EPA's Mercury Work Group in November 1994. An
interagency review by scientists from other federal agencies took place in
January 1995. The report was also reviewed by a panel of non-federal external
scientists in January 1995 who met in a public meeting on January 25-26. All
reviewers comments have been carefully evaluated and considered in the
revision and finalization of this IRIS summary. A record of these comments is
summarized in the IRIS documentation files.

Other EPA Documentation - None
DOCUMENT

o REVIEW DATES : 11/16/89,03/22/90,04/19/90
o VERIFICATION DATE . : 04/19/90
o EPA CONTACTS:

Annie M. Jarabek / NCEA - (919)541-4847 .

William F. Sette / OPP - (703)305-6375
_______ .-__-___'__________--__ -——--_-_-__________-—mmmm-mm mmmm m m m m m m m m , ..-»»•»,_____••__ '

EVIDENCE FOR HUMAN CARCINOGENICITY ,
o CLASSIFICATION : D; not classifiable as to human

Carcinogenicity
6 BASIS FOR CLASSIFICATION : Based on inadequate human and animal datâ

Epiderniologic studies failed to show a
correlation between exposure to elemental .
mercury vapor and Carcinogenicity; the • ' . - " .

. findings in these studies Were confounded by
possible or known concurrent exposures to
other chemicals, including human carcinogens,
as well as lifestyle factors (e.g., smoking).
Findings from genotoxicity tests are severely
limited and provide equivocal evidence that
mercury adversely affects the,number or

, structure of chromosomes in human somatic
cells. .

o HUMAN CARCINOGENICITY DATA:

Inadequate. A number of epidemiological studies were conducted that
examined mortality among elemental mercury vapor-exposed workers. Conflicting
data regarding a correlation between mercury exposure and an increased
incidence of cancer mortalities have been obtained. All of the studies have
limitations that complicate interpretation of their results; for associations
between mercury exposure and induction of cancer; increased cancer rates were
attributable to other concurrent exposures or lifestyle factors. . ,

' '
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A retrospective cohort study examined mortality among 5663 white males who
worked between 1953 and 1963 at a plant in Oak Ridge, Tennessee, where
elemental mercury was used for lithium isotope separation (Cragle et al.,
1984), The workers were divided into three cohorts: exposed workers who had
been monitored on a quarterly basis for mercury levels in urine (n=2,133);
workers exposed in the mercury process section for whonvurinalysis monitoring
data were not collected (n=270); and unexposed workers from other sections of
the nuclear weapons production facility (n=3260). The study subjects worked
at least 4 months during 1953-1958 (a period when mercury exposures were
likely to be high); mortality data from death certificates were followed
through the end of 1978. The mean age of the men at first employment at the
facility was 33 years, and the average length of their employment was >16
years with a mean of 3.73 years of estimated mercury exposure. Air mercury
levels were monitored beginning in 1955; during 1955 through the third quarter
of 1956, air mercury levels were reportedly above 100 ug/cu.m in 30-80% of the
samples. Thereafter, air mercury levels decreased to concentrations below 100
ug/cu.m. The mortality experience (i.e., the SMR) of each group was compared
with the age-adjusted mortality experience of the U.S. white male population.
Among exposed and monitored workers, no significant increases in mortality
.from cancer at any site were reported, even after the level or length of
exposure was considered. A significantly lower mortality from all causes was
observed. An excessive number of deaths was reportedly due to lung cancer in
the exposed and monitored workers (42 observed, 31.36 expected), but also in
the unexposed workers (71 observed, 52.93 expected). The SMR for each group
was 1.34; the elevated incidence of lung cancer deaths was, therefore,
attributed to some other factor at the plant and/or to lifestyle factors
(e.g., smoking) common to both the exposed and unexposed groups. Study
limitations include small cohort sizes for cancer mortality, which limited the
statistical stability of many comparisons.

Barregard et al. (1990) studied mortality and cancer morbidity between
1958 and 1984 in 1190 workers from eight Swedish chloralkali plants that used
the mercury cell process in the production of chlorine. The men included in
the study had been monitored for urinary or blood mercury for more than one
year between 1946 and 1984. Vital status and cause of death were ascertained
from the National Population Register and the National Bureau of Statistics.
The cancer incidence of the cohort was obtained from the Swedish Cancer
Register. The observed total mortality and cancer incidences were compared
with those of the general Swedish male population. Comparisons were not made
between exposed and unexposed workers. Mean urinary mercury levels indicated
a decrease in exposure between the 1950s and 1970s; the mean urinary mercury
level was 200 ug/L during the 1950s, 150 ug/L during the 1960s and 50 ug/L in
the 1970s. Mortality from all causes was not significantly increased in
exposed workers. A significant increase in deaths from lung tumors was
observed in exposed workers 10 years or more after first exposure (rate ratio,



2.0; 95% CI, 1.0-3.8). Nine of the 10 observed cases of lung cancer occurred
among workers (457 of the 1190) possibly exposed to asbestos as well as to .
mercury. No dose response was observed with respect to mercury exposure and
lung tumors. This study is limited because no quantitation was provided on .
smoking status, and results were confounded by exposure to asbestos.

Ahlbom et al. (1986) examined the cancer mortality during 1̂ 61-1979 of
cohorts of Swedish dentists and dental nurses aged 20-64 and employed in 1960
(3454 male dentists, 1125 female dentists, 4662 female dental nurses).
Observed incidences were compared with those expected based on cancer
incidence during 1961-1979 among all Swedes employed during 1960 and the
proportion of all Swedes employed as dentists and dental nurses. Data were .
stratified by sex, age (5-year age groups) and county. The incidence of
glioblastomas among the dentists and dental nurses combined was significantly
increased compared to survival rates (SMR, 2.1; 95% CI, 1.3-3.4); the
individual groups had apparently elevated SMRs (2.0-2.5), but the 95%
confidence intervals of these groups included unity. By contrast, physicians
and nurses had SMRs of only 1.3 and 1.2, respectively. Exposure to mercury
could not be established as the causative factor because exposure to other
chemicals and X-rays was not ruled out, •

Amandus and Costello (1991) examined the association between silicosis and
lung cancer niortality between 1959 and 1975 in 9912 white male metal miners /
employed in the United States between 1959 and 196 L Mercury exposures were
not monitored. Exposures to specific metals among the silicotic and
nonsilicotic groups were analyzed separately. Lung cancer mortality in both
silicotic and nonsilicotic groups was compared with rates in white males in
the U.S. population. Both silicotic (n=ll) and nonsilicotic mercury miners
(n=«263) had significantly increased lung cancer mortality (5MR, 14.03; 95% CI, ^
2.89-40.99 for silicotics. SMR, 2.66; 95% CI. 1.15-5.24 for nonsilicotics).
The analysis did not focus on mercury miners, and confounders such as smoking
and radon exposure were not analyzed with respect to mercury exposure. This
study is also limited by the small sample size for non-silicotic mercury \ , v
miners.

A case-control study of persons admitted to a hospital in Florence, Italy,
with lung cancer between 1981-1983 was performed to evaluate occupational risk
factors (Buiatti etal., 1985). Cases were matched with one or two controls
(persons admitted to the hospital with diagnoses other than lung cancer or
suicide) with respect to sex, age, date of admission and smoking status.
Women who had "ever worked" as hat makers had a significantly increased risk
of lung cancer. The duration of employment as a hat maker averaged 22.2
years, and latency averaged 47.8 years. Workers in the Italian hat industry
were known to be occupationally exposed to mercury; however, the design of • /
this study did not allow evaluation of the relationship between cumulative .



exposure and cancer incidence. In addition, interpretation of the results of
this study is limited by the small sample size (only 6/3 76 cases reported this
occupation) and by exposure of hat makers to other pollutants including
arsenic, a known lung carcinogen.

Ellingsen et al. (1992) examined the total mortality and-cancer incidence
among 799 workers employed for more than 1 year in two Norwegian chloralkali
plants. Mortality incidence between 1953 and 1988 and cancer incidence
between 1953 and 1989 were examined. Mortality and cancer incidence were
compared with that of the age-adjusted general male Norwegian population. No
increase in total cancer incidence was reported, but lung cancer was
significantly elevated in the workers (rate ratio, 1.66; 95% CI, 1.0-2.6). No
causal relationship can be drawn from the study between mercury exposure and
lung cancer because no correlation existed between cumulative mercury dose,
years of employment or latency time. Also, the prevalence of smoking was 10
20% higher in the exposed workers, and many workers were also exposed to
asbestos.

o ANIMAL CARCINOGENICITY DATA :

Inadequate. Druckrey etal. (1957) administered 0.1 mL of metallic
mercury to 39 male and female rats (BD HI and BDIV strains) via
intraperitoneal injection. Among the rats surviving longer than 22 months,
5/12 developed peritoneal sarcomas. The increase in the incidence of sarcomas
was observed only in those tissues that had.been in direct contact with the
mercury. Although severe kidney damage was reported in all treated animals,
no renal tumors or tumors at any site other than the peritoneal cavity were
observed. - .

o SUPPORTING DATA:

Cytogenetic monitoring studies of workers occupationally exposed to
mercury by inhalation provide very limited evidence that mercury adversely
affects the number or structure pf chromosomes in human somatic cells.
Popescu et al. (1979) compared four men exposed to elemental mercury vapor
with an unexposed group and found a statistically significant increase in the ."
incidence of chromosome aberrations in the WBCs from whole blood. Verschaeve
etal. (1976) found an increase in aneuploidy after exposure to low
concentrations of vapor, but results could not be repeated in later studies
(Verschaeve et al., 1979). Mabille et al. (1984) did not find increases in
structural chromosomal aberrations of lymphocytes of exposed workers.
Similarly, Barregard et al. (1991) found no increase in the incidence or size
of micronuclei and no correlation between micronuclei and blood or urinary
mercury levels of chloralkali workers. A statistically significant
correlation was observed between cumulative exposure to mercury and
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micronuclei induction in T lymphocytes in exposed workers, suggesting a
genotoxic effect

"

ORALEXPOSURE NODATA
CARCINOGENICITY ASSESSME
INHALATION EXPOSURE NODATA
CARCINOGENICITY ASSESSME
CARCINOGENICITY ASSESSMENT DOCUMENTATION AND REVIEW
o CARCINOGENICITY SOURCE: •

Source document - U.S. EPA, 1 995

This IRIS summary is included in The Mercury Study Report to Congress
which was reviewed by OHEA and EPA's Mercury Work Group in November 1994. An
interagenqy review by scientists from other federal agencies took place in
January 1995. The report was also reviewed by a panel of non-federal external
scientists in January 1995 who met in a public meeting on January 25-26. All -
reviewers comments have been carefully evaluated and considered in the
revision and finalization of this IRIS summary. A record of these comments is
summarized in the IRIS documentation files.
DOCUMENT

oREVIEWDATES : 01/13/88, 03/03/94
o VERIFICATION DATE : 03/03/94
o EPA CONTACTS:

Rita Schoeny/NCEA- (5 13)569-7544

I-DAY HEALTH ADVISORY NO DATA

LONGER-TERM CHILD HEALTH ADVNO DATA

LONGER-TERM ADULT HEALTH ADVNO DATA

ORGANOLEPTIC PROPERTIES NO DATA

DRINKING WATER ANALYTICAL PRNO DATA



DRINKING WATER TREATMENT NODATA
(J HEALTH ADVISORY NODATA
• DOCUMENTATION AND REVIEW

CLEAN AIR ACT REQUIREMENTS NO DATA
'

AMBIENT WATER QUALITY CRITERIA FOR HUMANS

Water and Fish Consumption: I.44E-1 ug/L >

Fish Consumption Only : 1.46E-1 ug/L

Considers technological or economic feasibility? - NO

Discussion - The WQC of 1.44E-1 ug/L is based on consumption of contaminated
aquatic organisms and water. A WQC of 1 .46E- 1 ug/L has also been established
based on consumption of contaminated aquatic organisms alone. .

Reference - 45 FR 79318 (1 1/28/80); 50 FR 30784 (07/29/85)
- * • ' " - ' - .

EPA Contact - Criteria and Standards Division ./ OWRS
', (202)260-1315 /FTS 260-1315 -

AMBIENT WATER QUALITY CRITERIA FOR AQUATIC ORGANISMS
i. . ' , • • • • ' .

Freshwater:

Acute — 2.4E+0 ug/L (1-hour average)
Chronic — 1.2E-2 ug/L (4-day average)

Marine: '
. > ' _ i • " ' -
Acute -2.1E+0 ug/L (1-hour average)
Chronic - 2.5E-2 ug/L (4-day average)

Considers technological or economic feasibility? -- NO

Discussion ~ Criteria were derived from a minimum data base consisting of
acute tests on a variety of species. Requirements and methods are covered
in the reference to the Federal Register, The Agency recommends an exceedence
frequency of no more than 3 years.

Reference- 45 FR 79318 (11/28/80); 50 FR 30784 (07/29/85)
" " ' ' ' "
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EPA Contact - Criteria and Standards Division / OWRS
(202)260-1315 / FTS 260-1315

•

MAXIMUM CONTAMINANT LEVEL GOAL

Value - 0.002 mg/L<Final, 1991)
. i • •> ' ' ' . . ;

Considers technological or economic feasibility? ~ NO

Discussion - EPA has promulgated a MCLG of 6,002 mg/L based on potential
adverse effects (renal toxicity) in three major studies. The MCLG is based
upon a DWEL of 0.01 mg/L and an assumed drinking water contribution of 20
percent. (

Reference- 56FR3526(01/30/91)

EPA Contact - Health and Ecological Criteria Division / OST /
(202) 260-7571 / FTS 260-7571; or Safe Drinking Water Hotline / (800) 426-4791

MAXIMUM CONTAMINANT LEVEL

Value - 0.002 mg/L (Final, 1991)
i- , ' • " .

Considers technological or economic feasibility? » YES

Discussion « EPA has set an MCL equal to the MCLG of 0.002 mg/L.

Monitoring requirements--Ground water systems monitored every three years;
surface water systems monitored annually; systems out of compliance must begin
monitoring quarterly until system is reliably and consistently below MCL.

Analytical methodology — Manual cold vapor technique (EPA 245.1; ASTM D3223-
80; SM 303F); automated cold vapor technique (EPA 245.2): PQL=0.0005 mg/L.

1 • •'-' ,• ^ * • '.-" •'-•'. " ,* -, •
Best available technology - Coagulation/filtration; Lime softening;
Reverse osmosis; Granular activated carbon.

Reference- 56FR3526(01/30/91)
, \ • . . ' , . '• . ' • ^ . . " '"

EPA Contact-Drinking Water Standards Division / OGWDW/,



(202) 260-7575 / FTS 260-7575; or Safe Drinking Water Hotline /<800) 426-4791

__IV.B.3. SECONDARY MAXIMUM CONTAMINANT LEVEL (SMCL) for Drinking
Water ' . ' ,.

1 .- x
No data available

__ IV.B A. REQUIRED MONITORING OF "UNREGULATED" CONTAMINANTS

No data available

SECONDARY MAXIMUM CONTAMINANNO DATA

FIFRA SPECIAL REVIEW NODATA

REPORTABLE QUANTITIES

Value (status) - 1 pound (Final J 989)

Considers technological or economic feasibility? — NO

Discussion- The final RQ for mercury is based on aquatic toxicity.
The available data indicate that the aquatic 96-Hour Median Threshold
Limit is less than 0.1 ppm, which corresponds to an RQ of 1 pound.

- • • - . / • •
Reference- 54FR33418(08/14/89)

EPA Contact - RCRA/Superfund Hotline
(800)424-9346 / (202)260-3000 / FTS 260-3000

TITLE HI LISTING NODATA
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Status - Listed (total mercury)
. ' . ' ' , - • ' ' " • .

Reference-52 FR 25942 (07/09/87)
i ' •

EPA Contact - RCRA/Superfund Hotline
(800)424-9346 / (202)260-3000 / FTS 260-3000

TOXIC SUBSTANCES CONTROL ACT REQUIREMENTS
\

No data available . v
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Office of Emergency and Remedial Response,
Washington, DC, EPA/540/1086/042. NTIS

- PB86-134533/AS.
CARCINOGENICITY U.S. EPA. 1985. Drinking Water Criteria Document
ASSESSMENT REFERENCES for Mercury. Prepared by the Office of Health and
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Environmental Assessment Office. Cincinnati, OH
for the Office of Drinking Water, Washington, DC.
EPA/600/X-84/178.NTISPB86-117827. -

CARCINOGENICITY U.S. fePA. 1988. Drinking Water Criteria Document
ASSESSMENT REFERENCES for Inorganic Mercury. Prepared by the Office of
: Health and Environmental Assessment, Environmental

Criteria and Assessment Office, Cincinnati, OH for
the Office of Drinking Water, Washington, DC.
EPA/600/X-84/178. NTIS PB89-192207.

CARCINOGENICITY U.S. EPA. 1993. Summary Review of Health Effects
ASSESSMENT REFERENCES Associated with Mercuric Chloride: Health Issue

Assessment (Draft). Prepared by the Office of
Health and Environmental Assessment, Environmental

, -.' Criteria and Assessment Office, Cincinnati, OH for
the Office of Air Quality Planning and Standards,
Research Triangle Park, NC.EPA/600/R-92/199.

CARCINOGENICITY U.S. EPA. 1995. Mercury Study Report to Congress,
ASSESSMENT REFERENCES Office of Research and Development, Washington,

DC. External Review Draft. EPA/600/P-94/002Ab.
CARCINOGENICITY Verschaeve, L.. M. Kirsch-Volders, C. Susanne et
ASSESSMENT REFERENCES al. ]976. Genetic damage induced by occupationally

• " low mercury exposure. Environ. Res. 12: 303-316.
CARCINOGENICITY Verschaeve, L., IP. Tassignon, M. Lefevrc, P. De
ASSESSMENT REFERENCES Stoop and C. Susanne, 1979. Cytogenetic

investigation on leukocytes of workers exposed to .
metallic mercury. Environ. Mutagen. 1:259-268. '
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NONANE 3to5minutes.
CAS: 11 1-34-2 (rvNonane) Subctmnie /'— ,'
n-Nonane;2A5-Trimethylhexane A 65-day (6 hbursfday, 5 daysAveek) no-cbservel J
c H adverse-effect level (NOAB.) of 590 ppm of n-nonane*~'x
9 a was found for rata.w The n-nonana subchronic inhalation

. HaC-{CH2)7--CH3 [n-Nonane] NOAEL was comparable with the 560 ppm Inhalation
(H3C)»̂ HCH2}̂ H-(CH3}2[2.i5.Trimethylhexan8J NOAEL far VM 4 P naphtha.'"
TLV-TWA. 200 ppm (1050 mg/Ri3) Chronic

. __ The National Research Council* listed nonane
— ' ——— : ———— : ——— : —— •— — ' —— ' ——— - along with 31 other organic compounds as priority envf-
1974: UV-TWA, 200 ppm; proposed ronmental contaminants for which no chronic toxicity
t976-̂ $ent TLV-TWA, 200 ppm dataexist
1978-1988: TLV-S7H« 250 ppm X V .'

TLVflecommendattoit
1992: Documentation revised . There are only very limited data upon which to base
— —— > ————— - ————— • . a TLV for nonane. The primary toxicotogic effect assoch
Chemical and Physical Properties , e ahydrocarbons is depressfon of the central nervous sys-

Nonane is a colorless liquid having an odor similarto tern, leading to coma with inhibition of deep tendon
that of gasoline. An odor threshold of 47 ppm has been reflexes.* The acute toxicities of the alkanes and their
repor!a3|(1> Chemical and PhXsical properties of in- narcotic potentials increase with an increase in carbon
elude. chain length.1* Nonane, by analogy with the property of

Molecular weight: 123.26 heptane and octane, is expected to defat the skin, to
Specific gravity: 0.7176 at 20°p cause chemical dermatitis or, with prolonged contact,
Freezing point: -53.5°C necrolysis.® Aspiration into the lung after ingestion 0
Boiling point :150.8°C during eructation or vomiting is expected to cause cheni,
Vapor pressure: 10 torr at 38°C cal pneumonftis; this results in an acute fulminating herrv
Flash point: 31°C, closed cup orrtiagic and usually fatal bronchopneumonia. Death
Expfosive limits: upper, 2.9%; lower, 0.37% by vol- occurs as a result of the severe pulmonary edema.09
ume in air Accordingly, a TLV-TWA of 200 ppm for nonane (all

: Solubility: insoluble in water; very soluble in alcohol isomers) in woricplacd air is recommended by compari-
and ether; infinitely soluble in acetone and ben- son with that for octane (TLV-TWA of 300 ppm). At this
zene. time, no STEL is recommended until additional toxicx>

: logical data and industrial hygiene experience become
Major Uses or Sources of Occupational Exposure available to provide a better base for quantifying on a

Nonane is used in organic synthesis, as a distillation toxicotogical basis what the STEL should be. The reader
chaser, and in biodegradable detergents. Nbnanes are ** encouraged to review the section on Excursion Limits
major ingredients of such petroleum fractions as VM & P h ** "Introductton to the Chemical SiAstances" of the
naphtha, 140 flash and StoddanJ solvents, and gasofine. currert TLV/BEI Booklet for guidance and control of

. r . excursbns above the TLV-TWA, even when the 3-hour
Animal Studies ™* is with'n *9 recommended limits. '
Acute , Other Recommendations

TTie 4-hour LCso for rats of 3200 ppm has been found OSH4 PEL: OSHA established a PEL-TWA of 200
for n-nonane/4* or about the same as the 3400 ppm, of ppm for nonane. OSHA concluded that this limit would
VM&P naphtha.'* The LCso for nonane published by protect workers against the significant risk of narcosis
Carpenter et al." is markedly tower than the lethal con- associated with exposure to nonane at levels above the
centrations for mice reported by earlier investigators for PEL(11) The OSHA PEL is consistent with the reconv
octane (13.500 ppm) or heptane (16,000 ppm)w for mended ACGIH TLV.
exposures of 30 to 60 minutes. The latter values are NIOSH REUtDLH: NIOSH [Ex 8-47. Table N1] es-/
comparable tothe concentrations found by Swa'nn etal.17* tablished a REL-TWA of 200 ppm by concurrence whH\ J
to cause death of micia in respiratory arrest after inhala- ; the OSHA PEL for rK>nane.ni) NIOSH has not estabfished ̂^
tion of octane (16,000 ppm) or hexane (43,000 ppm) for an IDLH value for this substance.
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WTP Studies: Nonane was negative in the Salmo- Vapor. Toxicol. Appt Pharmaco). 4453-61 (1978).
neBa assay. NTP has not conducted other genetic toxi- 5. carpenter, C.P.; wntead, ER.; Gear/, jr., D.L; at •].: i

. ~-*»togy, other short-term toxicology, or long-term Ĵ tô °JVT<"ldY, *!"*«• '•*!£? fi1*!!!™-̂ ?"**
' 'xicotogyarKlcarcinoger̂  ŜŜ Ŝn̂ mf ^ **L/"Other Nations *• Ruv. F-; 29"** F- Schadlcha Case, pp. 257-264. J. Springer,

w
, I *••••* m\f * .* MAflAl •*•»•!• I, • «.̂ «f«w«»ii, k«.l»« l«w|f«ii, ̂ •.v̂., wiwiBiywt *• >ni...̂ nM4V

term value 200 ppm, 15 ITUnutes (1989). . IrtmJaton ToxfcobQy erf VblaflbH/drocajton3.1Am.lnd.Hyo. Assoc.

References 8.ltetbnalR«sflarchCouncfl:DrInWr«WatararidHeaItn̂
1.Amc<«tJ.C.;Hautala,E:Octoras an Aidto Chemical SafeVrOdor Drirttho Water Comrrtttee.AssemUy erf Ufa SderK»s.NatJonal Acad-
ThrefthofcJs Compared wtth Threshold Umtt Values and VobSfttes tor »rny of Sciences, Washington, DC (1977).
214 Industrial Chemicals In Air and Water DButton. J. Appl. TexJcoL - - ...̂  _ -^ - .„3(6)272-29011963) 9. vonOettingen,W.F.:ToxidV and Potenflat Dangers of Allphattc and
• 1 -. • «J -«-.-- ,,̂ 1 ^ ... : i -^ . Aromatic tyorocarbons. PubDc Health Bulletin No. 255. U.S. PubicZ. sandmeyer, t.t.: Afipnaoc Hyarocaibons. in: Fatty's Industnal Health Service Washfnaton DC MQ40)
ĝferwarriToxfc»bgy,3fdRev.ad,VoL2B.Tcateobgy,pp.3175- ' ' w«»"»^i /-
3179.3191-3192. G.D. Ctayton and F.E. dayton. Eds. John WOey A 10. Soub, Jr., A.a; Foby, J.C.: Poisoning torn Patobum DtetJIates,
Sons, New York (1961). *» Hazards of Kerosene and Fumtore Polish. J. Maine Med. Assoc.
3. CRC Handbookof Chemistry and Physics. 60h a<t, p. C400. R.C. **W»-110 (1957). .
Weast, Ed. CRC Press Inc. BocaRaton,FL (1879). . . _ 11.U.6.Depan̂ mcfUbor,Occupattom!Sal»tyaridHeaWiAdnin̂
4. Ca/penter. C.P.; Geary, >.. DJ»; Meyere. R.C.; at al.: Petrobum ttratlon: 29 CFR Part 1910, Air Conterrtnants; Final Rub. Fed. ROD.
d̂rocarbon ToridV Studies. XVII. Animal Response to n-Nonane S4{12):2638 (January 19,1969).
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THALLIUMd) SULFATE - IRIS

1 -IRIS
NAME OF SUBSTANCE Thafflum(I) sulfate
CAS REGISTRY NUMBER 7446-18-6
IRIS NUMBER 113
LAST REVISION DATE 920122
UPDATE HISTORY NO DATA
IRIS STATUS Oral RfD Assessment (RDO) on-line 09/01/90
IRIS STATUS Inhalation RfC Assessment (RDI) no data
IRIS STATUS Carcinogenicity Assessment (CAR) on-line 09/01/90
IRIS STATUS Drinking Water Health Advisories (DWHA) no data
IRIS STATUS U.S. EPA Regulatory Actions (EXSR) on-line

01/01/92
IRIS REVISION HISTORY 03/31/87 RDO Documentation corrected
IRIS REVISION HISTORY 03/01/88 RDO RfD changed - new study
IRIS REVISION HISTORY 03/01/88 RDO Verification date changed
IRIS REVISION HISTORY 06/30/88 RDO RfD withdrawn
IRIS REVISION HISTORY 09/07/88 RDO Revised oral RfD summary added
IRIS REVISION HISTORY 09/01/90 RDO Text edited

\J IRIS REVISION HISTORY 09/01/90 RDO Secondary contact changed
IRIS REVISION HISTORY 09/01/90 CAR Carcinogen assessment on-line
IRIS REVISION HISTORY 09/01/90 RCRA EPA contact changed
IRIS REVISION HISTORY 09/01/90 REFS Bibliography on-line
IRIS REVISION HISTORY 08/01/91 CREF Kada et al. citation corrected
IRIS REVISION HISTORY 01/01/92 EXSR Regulatory actions updated
RECORD LENGTH 19074
SYNONYMS C.F.S.
SYNONYMS CSF-Giftweizen
SYNONYMS Dithallium Sulfate
SYNONYMS M7-Giftkoemer
SYNONYMS Rattengiftkonserve
SYNONYMS Sulfuric Acid, Dithallium(l+) Salt
SYNONYMS Sulfuric Acid, Thallium(l+) Salt
SYNONYMS Thallium(I) sulfate
SYNONYMS Thallium Sulfate
MOLECULAR FORMULA T12SO4
MAJOR USES Used as a rat poison, as ant bait, and as a

reagent in analytical chemistry (Merck, 1983, p.
" 132S). Also used for analysis (testing for iodine

in the presence of chlorine); ozonometry; as a
. ] rodenticide; and as a pesticide (Hawley, 1981, p.



1013). Not registered as a pesticide in the U.S.
(USEPA/Pesticide Index, 1985).

COLOR/FORM White rhomboid prisms to a colorless dense powder;
odorless (Hayes, 1982, p. 25; Merck, 1983, p.
1325; Hawley, 1981, p. 1013)

ODOR White rhomboid prisms to a colorless dense powder,
odorless (Hayes, 1982, p. 25; Merck, 1983, p.
1325; Hawley, 1981, p. 1013)

BOILING POINT Decomposes
MELTING POINT 1170F, 632C
MOLECULAR WEIGHT 504.80
DENSITY/SPECIFIC GRAVITY 6.77
VAPOR PRESSURE Inappreciable
VAPOR DENSITY Not Found
RELATIVE EVAPORATION RATE Not Found
SOLUBILITY IN WATER 4.87 g/100 mL at 20C, 19.14 g/100 mL at 100C
FLASH POINT Not Found
FLAMMABLE LIMITS Not Found
CONDITIONS & MATERIALS TO Not Found
AVOID
DECOMPOSITION When heated to decomposition, it emits very toxic

fumes of thallium and sulfur oxides (Sax, 1984, p.
2557).

REFERENCE DOSE FOR ORAL EXPOSURE
o ORAL RFD SUMMARY :

Critical Effect ' Experimental Doses* UF MF RfD

No adverse effects NOAEL: 0.25 mg/kg/day 3000 1 8E-5
mg/kg/day

Rat Oral Subchronic LOAEL: None
Study

U.S. EPA, 1986

•Conversion Factors: None

o ORAL RFD STUDIES :

U.S. EPA. 1986. Subchronic (90-day) toxicity of thallium sulfate in Sprague-
Dawley rats. Office of Solid Waste, Washington, DC.

In a 90-day subchronic study, Sprague-Dawley rats (20/sex/group) were
treated by gavage with 0, 0.01,0.05, and 0.25 mg/kg/day of an aqueous
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solution of thallium sulfate (approximately 0.008, 0.04, and 0.20 mg
TVkg/day). Data generated from this study included body and organ weights,
food consumption, hematology and clinical chemistry parameters,
neurotoxicologic examinations, ophthalrnologic examinations, and histopathology
and neuropathology. No mortality was observed, but apparent dose-related
increases in the incidence of alopecia, lacrimation, and exophthalmos were
observed throughout the study. No differences between the control groups and
groups receiving thallium sulfate were observed in body weights, body weight
gains, food consumption, or absolute and relative organ weights. Moderate
dose-related changes were observed in some blood chemistry parameters:
increased SCOT, LOH, and sodium levels, and decreased blood sugar levels. The
only grossly observed finding at necropsy thought to be treatment-related was
alopecia, especially in female rats; however, microscopic evaluations did not
reveal any histopathologic alterations. Based on the results of this study
the 0.25 mg/kg/day thallium sulfate is considered a NOAEL. By applying an
uncertainty factor of 3000 to this NOAEL, an RfD of 8E-5 mg/kg/day can be
derived.

o ORAL RFD UNCERTAINTY :

UF -= 3000. The UF of 3000 includes factors of 10 to extrapolate from
subchronic to chronic data, 10 for tntraspecies extrapolation and 10 to
account for intercedes variability, and a factor of 3 to account for lack of
reproductive and chronic toxicity data.

O ORAL RFD MODIFYING FACTOR :

MF» 1.

Groups of rats (S/sex/dose) were fed diets containing nominal
concentrations of thallium acetate of 0, S, 15, or 50 ppm (Downs et al.,
1960). An additional group (30 ppm) was added after the study had .been
initiated (time not specified). Animals were allowed ad lib access to these
diets for 15 weeks. The 50 ppm level resulted in 100% mortality by week 5.
The 30 ppm level resulted in 100% mortality by week 9. By week 15, 4/10
control animals died (2/sex), making interpretation of survival in remaining
dose groups difficult (15 ppm, 3/5 males and 1/5 females died; 5 ppm, 2/6
males and 0/4 females died). At termination, the only gross finding was
alopecia in the 15 and 30 ppm groups. The authors stated that there was a
slight increase in kidney weight (doses not specified, data not shown). The
authors reported that histopathologic evaluations did not indicate treatment-
related pathology.

Male Wistar rats (10/group) were administered drinking water containing 10
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ppm T1SO4 (approximately 0.7 mg Tl/kg/day based on reported thallium
consumptions [270 ug Tl/rat] and body weights P5Q-370 g] for 30 or 60 days;

v j controls were pair fed. After 60 days of treatment, the following testicular
—̂̂  effects were observed: disarrangement of the tubular epithelium, cytoplasmic

vacuolation and .distention of the smooth endoplasmic reticulum of the Sertoli
cells, reduced testicular beta-glucuronidase activities, high concentrations
of thallium in the testes, and reduced sperm motility (Formigli et al., 1986).

Eighty female Sprague-Dawley rats were administered drinking water
containing thallium sulfate at a concentration of 10 mg T1/L (approximately
equivalent to a dose of 1.4 mg Tl/kg/day based on reported Tl intakes and an
assumption that the rats weighed 200 g). Mortality was 15 and 21% after 40
and 240 days of treatment, respectively. Functional and histopathological
changes weft observed in the peripheral nerves including changes in motor and
sensory action potentials and histopathological changes in the sciatic myelin
sheath and axonal destruction characterized by Wallerian degeneration,
mitochondria! degeneration, neurofilamentous clustering, and elevated
lysozomal activity (Manzo et al., 1983).

o ORAL RFD CONFIDENCE :

Study: Low
DataBase: Low
RfD: Low

Confidence in the critical study is rated low because of uncertainties in
the results (i.e., vehicle vs. control differences) and because supporting
studies show adverse health effects at doses slightly higher than the NOAEL.
The data base provided only one subchronic study and some anecdotal human
data, thus, a low confidence was assigned. Until additional chronic and
.reproductive studies are available, confidence in the RfD is considered low.

o ORAL RFD SOURCE DOCUMENT r

The only U.S. EPA documentation at present is on IRIS.

o REVIEW DATES : 05/20/87,07/16/87, 08/05/87,04/21/88
o VERIFICATION DATE : 04/21/88
o EPA CONTACTS :

Harlal Choudhury / ORD - (513)569-7536 / FTS 684-7536

Robert Cantilli / ODW - (202)260-5546 / FTS 260-5546



REFERENCE DOSE FOR NO DATA
INHALATION EXPOSURE
EVIDENCE FOR HUMAN CARCINOGENICITY
o CLASSIFICATION : D; not classifiable as to human

Carcinogenicity
o BASIS FOR CLASSIFICATION : Based on the lack of Carcinogenicity data in

animals and humans.
o HUMAN CARCINOGENICITY DATA :

Inadequate. Medical records for 86 workers (sex and length of employment
not reported) occupationally exposed to thallium at a magnesium seawater
battery factory and 79 unexposed workers matched for age, length of
employment, shift pattern, and type of work were examined (Marcus, 1985). No
increase in incidence of benign neoplasms (site not specified) were observed.
This study is limited by the examination of medical records only, lack of
exposure quantitation, the small cohort, and unknown length of observation.

In another study, the health effects associated with exposure to thallium
in 128 men (age 16 to 62 years) exposed for I to 42 years (average*; 19.5 yean)
in three cement manufacturing plants were reported (Schaller et al,, 1980).
Analyses of roasted pyrites and electro-filter dust confirmed the presence of
thallium in various production areas in the plants. Urinary thallium was
elevated in the workers. The health evaluation, consisting of a medical
history and a physical exam, did not show any indication of thallium
poisoning. However, this health evaluation was not adequate to detect any
oncogenic response.

o ANIMAL CARCINOGENICTTY DATA :

None. Several subchronic and chronic animal studies on thallium and
compounds are available; however, they were not designed to examine
carcinogenic endpoints (reviewed in U.S. EPA, 1988).

o SUPPORTING DATA :

Thallium (I) salts were not mutagenic in reverse mutation assays using
Salmonella typhimurium strains TA98, TA100, TA1535,and TA1538 and Escherichia
coli strains B/r WP2 try and WP2 her try; use of hepatic homogenates was not
specified (Kaneznatsu et al., 1980). Positive results were obtained at 0.001M
for thallium nitrate in the Rec assay using Bacillus subtilis strains H17 and
M45; use of hepatic homogenates was not specified (Kanematsu\et\aL, 1980;
Kada et al., 1980). Negative results were obtained in a screening of thallium
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nitrate for induction of mitotic gene reversion and reverse mutation in the
yeast, Saccharomyces cerevisiae (Singh, 1983). Thallium nitrate produced
negative effects on cell division in S. cerevisiae and E. coli. (Loveless et
al., 1954). Cytotoxic levels (1000 ug/mL) of thallium acetate caused
depressed DNA synthesis in Chinese hamster ovary cells (Garrett and Lewtas,
1983). Single-strand DNA breaks occurred in mouse and rat embryo fibrobiasts
exposed to thallium carbonate at E-6 to E-4M (Zasukhina et al., 1983).
Thallium carbonate (0.5-0.005 ug/kg/day) was positive in a dominant lethal
test in male white rats (Zasukhina et al., 1983).

ORAL EXPOSURE NODATA
CARCINOGENICITY ASSESSME
INHALATION EXPOSURE NODATA
CARCINOGENICITY ASSESSME
CARONOGENIOTY ASSESSMENT DOCUMENTATION AND REVIEW
o CARCINOGENICrrY SOURCE:

U.S. EPA. 1988. Health and Environmental Effects Documet for Thallium and
Compounds. Prepared by the Environmental Criteria and Assessment. Office,
Cincinnati, OH, for the Office of Solid Waste and Emergency Response,
Washington, DC.

The 1988 Health and Environmental Effects Document for Thallium and
Compounds is a preliminary draft and has not received Agency review.
DOCUMENT

o REVIEW DATES : 11/08/89
o VERIFICATION DATE : 11/08/89
o EPA CONTACTS :

William Pepclko / ORD - (202)260-5904 / FTS 260-5904

ONE-DAY HEALTH ADVISORY NO DATA

TEN-DAY HEALTH ADVISORY NODATA

LONGER-TERM CHILD HEALTH ADVNO DATA

LONGER-TERM ADULT HEALTH ADVNO DATA
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LIFETIME HEALTH ADVISORY NO DATA

ORGANOLEPTIC PROPERTIES NO DATA

DRINKING WATER ANALYTICAL PRNO DATA

HEALTH ADVISORY NODATA
DOCUMENTATION AND REVIEW

Thallium (I) sulfate is rated as extremely toxic. The probable
oral lethal dose in humans is S to SO rag/kg, or between 7 drops and 1 teaspoon
for a 150-pound person (Gosselin et alM 1984, p. 11-139). The mean lethal
dose in an adult is probably about 1 g of thallium sulfete (Gosselin et al.,
1984, p. m 380). Repeated exposure causes hair loss starting 10 days after
exposure and complete baldness in about a month (Clayton and Clayton,
1981-1982, p. 1922).

o SIGNS AND SYMPTOMS :

Can cause death due to shock. Dominant
effects include severe abdominal pain, vomiting, and diarrhea. Blood in
vomitus and stools are often seen. In severe cases, tremors, delirium,
convulsions, paralysis, coma, and even death may occur (Gosselin et al.f 1984,
p.m-38I).

BIOCONCENTRATION FACTORS NO DATA
IN AQUATIC SPECIES

CLEAN AIR ACT REQUIREMENTS NODATA

AMBIENT WATER QUALITY CRITERIA FOR HUMANS

Water and Fish Consumption: 13 ug/L [thallium]

Fish Consumption Only: 48 ug/L [thallium]

Considers technological or economic feasibility? — NO

Discussion - The WQC of 13 ug/L is based on consumption of contaminated
aquatic organisms and water. A WQC of 48 ug/L has also been established
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based on consumption of contaminated aquatic organisms alone.
f , •
i j Reference - 45 FR 79318 (11/28/80); NTIS No. PB81-117848.

EPA Contact - Criteria and Standards Division / OWRS
(202)260-1315 / FTS 260-1315

AMBIENT WATER QUALITY CRITERIA FOR AQUATIC ORGANISMS

Freshwater:

Acute LEG- 1.4E+3 ug/L [thallium]
Chronic LEG - 4.0E+1 ug/L [thallium]

Marine:

Acute LEG - 2.13E+3 ug/L [thallium]
Chronic LEG- None

Considers technological or economic feasibility? - NO

Discussion — The values that are indicated as "LEG" are not criteria but
are the lowest level effect levels found in the literature. LEG'S are given
when the minimum data required to derive water quality criteria are not
available.

Reference - 45 FR 79318 (11/28/80); NTIS No. PBS1-117848.

EPA Contact - Criteria and Standards Division / OWRS
(202)260-1315 / FTS 260-1315

MAXIMUM CONTAMINANT LEVEL GOAL

Value - 0.0005 mg/L (thallium) (Proposed, 1990)

Considers technological or economic feasibility? - NO

Discussion - EPA is proposing to regulate thallium based on its potential
adverse effects (blood chemistry) reported in a subchronic rat study. The
MCLG is based upon a DWEL of 0.0023 mg/L and an assumed drinking water
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contribution of 20 percent The U.S. EPA is also proposing two alternate
options for the sulfate MCLG (400 or 500 mg/L) based on the available health
information in humans.

Reference - 55 FR 30370 (07/25/90) *

EPA Contact - Health and Ecological Criteria Division / OST /
(202) 260-7571 / FTS 260-7571; or Safe Drinking Water Hotline / (800) 426-4791

Value - 0.002 mg/L (thallium) (Proposed, 199(9

Considers technological or economic feasibility? — YES

Discussion - EPA is proposing alternate MCLs of 0.002 or 0.001 for thallium
based on the proposed PQL. EPA is also proposing alternate MCLs for sulfate
equal to the MCLG of 400 or 500 mg/L adopted in the final rule.

Monitoring requirements - For both thallium and sulfate: ground water
systems every 3 years; surface water systems annually; will allow monitoring
at up to 10-year intervals after the system completes 3 rounds of sampling
at <50% of the MCL.

.
Analytical methodology - Thallium: atomic absorption/furnace technique
(EPA 279,2; SM 304);ICP mass spectrometry (EPA 200.8): PQL= 0.002/0.001
mg/L. Sulfate:-ion chromatography (EPA 300.0; ASTM D-4327-88; SM 429);
automated, chloranilate (EPA 375.1; SM 426D); Gravimetric (EPA 375.3; ASTM
D-516-82A; SM 426A.B): PQL-= 10.0 mg/L.

Best available technology - Thallium: activated alumina; ion exchange.
Sulfate: reverse osmosis; ion exchange.

Reference- 55 FR 30370 (07/25/90)

EPA Contact - Drinking Water Standards Division / OGWDW /
(202) 260-75757 FTS 260*7575; or Safe Drinking Water Hotline / (800) 426-4791

_ IV.B.3. SECONDARY MAXIMUM CONTAMINANT LEVEL (SMCL) for Drinking
Water

Value - 250 mg/L (sulfate) (Final, 1979)
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Considers technological or economic feasibility? - NO

Discussion — SMCLs are non-enforceable and establish limits for contaminants
which may affect the aesthetic qualities (e.g. taste and odor) of drinking
water. It is recommended that systems monitor for these contaminants every
three years. More frequent monitoring for contaminants such as pH, color, odor'
or others may be appropriate under certain circumstances.

Reference - 44 FR 42196 (07/19/79)

EPA Contact - Drinking Water Standards Division / OGWDW /
(202) 260-7575 /FTS 260-7575; or Safe Drinking Water Hotline / (800) 426-4791

__IV.B.4. REQUIRED MONITORING OF "UNREGULATED11 CONTAMINANTS

Status - Listed (thallium and sulfate) (Final, 1991)

Discussion - "Unregulated* contaminants are those contaminants for which
EPA establishes a monitoring requirement but which do not have an associated
final MCLG, MCL, or treatment technique. EPA may regulate these contaminants
in the future.

i*
Monitoring requirement — All systems to be monitored unless a vulnerability
assessment determines the system is not vulnerable.

Analytical methodology — Thallium: Atomic absorption/furnace technique
(279.2;
SM 304); inductively coupled'plasma (EPA 200.8). Sulfate: cpiorimetric.

Reference- 56FR3526(01/30/91)

EPA Contact - Drinking Water Standards Division / OGWDW /
(202) 260-7575 / FTS 260-7575; or Safe Drinking Water Hotline / (80Q) 426-4791

SECONDARY MAXIMUM CONTAMINANNO DATA

FIFRA REGISTRATION STANDARD NO DATA

FIFRA SPECIAL REVIEW NODATA
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REPORTABLE QUANTITIES

i j Value (status) - 100 pounds (Final, 1986)

Considers technological or economic feasibility? - NO

Discussion - The final RQ is based on chronic toxicity. RQ assignments
based on chronic toxicity reflect two primary attributes of the hazardous
substance, the minimum effective dose (MED) levels for chronic exposure
(mg/day for a 70-kg person) and the type of effect (liver necrosis,
teratogenicity, etc). A composite score is determined from an evaluation of
these two attributes* Thallium sulfate was determined to have a composite -
score of between 21 and 40, corresponding to a chronic toxicity RQ of 100
pounds.

Reference - 51 FR 34534 (09/29/86); 54 FR 33418 (08/14/89)

EPAContact- RCRA/Superfund Hotline
(800)424-9346 / (202)260-3000 / FTS 260-3000

-

TITLEDa LISTING NODATA

RCRA REQUIREMENTS

Status - Listed (total thallium)

Reference - 52 FR 25942 (07/09/87)

EPA Contact - RCRA/Superfund Hotline
(800)424-9346 / (202)260-3000 / FTS 260-3000

TOXIC SUBSTANCES CONTROL ACT REQUIREMENTS

No data available

ORAL REFERENCE DOSE Downs, W.L., J.K. Scott, L.T. Steadman and E.A.
REFERENCES Maynard. I960* Acute and subacute toxicity studies

of thallium compounds. Am. Ind. Hyg; Assoc. 21:
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399-406.
ORAL REFERENCE DOSE Fonnigli, L.t R. Schelsi, P. Poggi, et al. 1986.
REFERENCES Thallium-induced testicular toxicity in the rat.

__ Environ* Res. 40(2): 531-539*
ORAL REFERENCE DOSE Manzo, L., R. Scelsi, A. Moglia, et al. 1983.
REFERENCES Long-term toxicity of thallium in the rat.

Proceed. 2nd Int. Conf., Chem. Toxicol. Clin.
Chem. Met p. 401- 405.

ORAL REFERENCE DOSE U.S. EPA. 1986. Subchronic (90-day) toxicity of
REFERENCES thallium sulfate in Sprague-Dawley rats. Office of

xLhP Solid Waste, Washington, DC.
INHALATION REFERENCE DOSE None

CARCINOGENICrrY Garrett, N.E. and J. Lewtas. 1983. Cellular
ASSESSMENT REFERENCES toxicity in Chinese hamster ovary cell cultures.

I. Analysis of cytotoxicity endpoints for
twenty-nine priority pollutants. Environ. Res. 32:
455-465.

CARCINOGENICITY Kada, T.f K. ffirano and Y. Shirasu. 1980.
ASSESSMENT REFERENCES Screening of environmental chemical mutagens by

the Rec-assay system with Bacillus subtilis. In:
Chemical Mutagens: Principles and Methods for
Their-Detection, F. deSerrres and A. Hollaender,
Ed. 6: 149-173.

CARCINOGENICITY Kaneinatsu, N., M. Haia and T. Kada. 1980. Rec
ASSESSMENT REFERENCES assay and mutagenicity studies on metal compounds.

Mutat. Res. 77: 109-116.
CARCINOGENICITY Loveless, L.E., E. Spoerl and T.H. Weisman. 1954.
ASSESSMENT REFERENCES A survey of effects of chemicals on division and

growth of yeast and Escherichia coli. J.
Bacteriol. 68: 637-644.

CARCINOGENICITY Marcus, R.L. 1985. Investigation of a working
ASSESSMENT REFERENCES population exposed to thallium. J. Soc. Occup.

Med. 35(1): 4-9,
CARCINOGENICrrY Schaller, K.H., G. Manke, HJ. Raithel, G.
ASSESSMENT REFERENCES Buhlmeyer. M. Schmidt and H. Valentin. 1980.

Investigations of thallium-exposed workers in
cement factories. bit Arch. Occup. Environ.
Health. 47(3): 223-231.

CARCINOGENICITY Singh, I. 1983. Induction of reverse mutation and
ASSESSMENT REFERENCES mitotic gene conversion by some metal compounds in

Saccharomyces cerevisiae. Mutat. Res. 117:
149-152.

CARCINOGENICITY U.S. EPA. 1988. Health and Environmental Effects
ASSESSMENT REFERENCES Document for Thallium and Compounds. Prepared by

the Environmental Criteria and Assessment Office,
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Cincinnati, OH, for the Office of Solid Waste and
Emergency Response, Washington, DC.

CARCINOGENICITY Zasukhina, G.D., I.M. Vasilyeva, N.I. Sdirkova, et
ASSESSMENT REFERENCES al. 1983. Mutagenic effect of thallium and mercury

salts on rodent cells with different repair
activities. Mutat Res. 124(2): 163-173.

HEALTH ADVISORY None
REFERENCES
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IRIS. TOLUENE

1 - IRIS
IRIS NUMBER 115
LAST REVISION DATE 920813
UPDATE HISTORY 08/13/92, 1 field
IRIS STATUS Oral RfD Assessment (RDO) on-line 08/01/90
IRIS STATUS Inhalation RfC Assessment (RDI) on-line 08/01/92
IRIS STATUS Carcinogenicity Assessment (CAR) on-line 08/01/90
IRIS STATUS Drinking Water Health Advisories (DWHA) on-line

09/01/90
IRIS STATUS U.S. EPA Regulatory Actions (EXSR) on-line

04/01/92
IRIS REVISION HISTORY 03/01/88 RDO Text revised
IRIS REVISION HISTORY 09/07/88 CAR Carcinogen summary on-line
IRIS REVISION HISTORY 02/01/89 CARDR Secondary contact's phone number

corrected
IRIS REVISION HISTORY 07/01/89 RDI Inhalation RfD now under review
IRIS REVISION HISTORY 03/01/90 REFS Bibliography on-line
n>ts REVISION HISTORY 04/01/90 CREF Combs et al., 1973 citation

corrected
VJ REVISION HISTORY 06701/90 CAA Area code for EPA contact corrected
IMS REVISION HISTORY 06/01/90 RCRA EPA contact changed
IRIS REVISION HISTORY 07/01/90 RDO Withdrawn; new RfD verified Cm

preparation)
IRIS REVISION HISTORY 07/01/90 OREF Oral RfD references withdrawn
IRIS REVISION HISTORY 08/01/90 RDO Oral RfD summary replaced; RfD

< changed
IRIS REVISION HISTORY 08/01/90 CAR Text edited
IRIS REVISION HISTORY 08/01/90 OREF Oral RfD references revised
IRIS REVISION HISTORY 09/01/90 HADV Health Advisory on-line
IRIS REVISION HISTORY 09/01/90 HAREF Health Advisory references added
IRIS REVISION HISTORY 08/01/91 CREF Litton Bionetics, Inc., 1981

reference title clarified
IRIS REVISION HISTORY 01/01/92 EXSR Regulatory actions updated
IRIS REVISION HISTORY 04/01/92 CAA CAA regulatory action withdrawn
IRIS REVISION HISTORY 08/01/92 RDI Inhalation RfC on-line
•RIS REVISION HISTORY 08/01/92IREF Inhalation references on-line
ECORD LENGTH 73413
AME OF SUBSTANCE Toluene
AS REGISTRY NUMBER 108-88-3
'NONYMS ANTISAL la
)NYMS BENZENE, METHYL
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SYNONYMS METHACIDE
TTONYMS METHYL-BENZENE
fNONYMS METHYLBENZOL

\_>NONYMS NCI-C07272
SYNONYMS PHENYL-METHANE
SYNONYMS RCRA WASTE NUMBER U220
SYNONYMS TOLUEEN
SYNONYMS TOLUEN
SYNONYMS Toluene
SYNONYMS TOLUOL
SYNONYMS TOLUOLO
SYNONYMS TOLU-SOL
SYNONYMS UN 1294

REFERENCE DOSE FOR ORAL EXPOSURE
o ORAL RFD SUMMARY :

Critical Effect Experimental Doses* UF MF RfD

Changes in liver and NOAEL: 312 mg/kg 1000 1 2E-1
kidney weights converted to 223 mg/kg/day

mg/kg/day
13-Week Rat Gavage

idy LOAEL: 625 mg/kg
converted to 446

, 1989 " nig/kg/day

"Conversion Factors: Dose adjusted for gavage schedule of 5 days/week.

o ORAL RFD STUDIES :

NTP (National Toxicology Program). 1989. Toxicology and Carcinogenesis
Studies of toluene in F344/N rats and B6C3F1 mice. Technical Report Series
No. 371. Research Triangle Park, NC.

The oral toxicity of toluene was investigated in this subchronic gavage study
in F344 rats* Groups of 10 rats/sex/group were administered toluene in com
oil at dosage levels of 0,312, 625,1250,2500, or 5000 mg/kg for 5 days/week
for 13 weeks. All animals receiving 5000 mg/kg died within the first week.
One female and 8 males in the 2500 mg/kg group died, but 2 of these woe due
to gavage errors. No deaths occurred at lower doses* Several toxic effects
were noted at doses greater than or equal to 2500 mg/kg, including
prostration, hypoactivity, ataxia, piloextction, lacrimatioh, excessive
salivation, and body tremors. No signs of biologic significance were seen in
groups receiving less than or equal to 1250 mg/kg. The only significant

?e in body weight was a decrease (p<0.05) for males in the 2500 mg/kg
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group. There were no lexicologically significant changes in hematology or
Talysis for any group of animals. Biochemical changes, including a

cant increase (p<0.05) in SCOT in 2500 males and a dose-related
in cholinesterase in females receiving 2500 and 5000 mg/kg, were not

considered to be biologically significant There were several pathologic
findings and organ weight changes in the liver, kidney, brain, and-urinary
bladder. In males, absolute and relative weights of both the liver and kidney
were significantly increased (p<0,05) at doses greater than or equal to 625
mg/kg. In females, absolute and relative weights of the liver, kidney, and
heart were ail significantly increased at doses greater than or equal to 1250
mg/kg (p<0.01 for all comparisons except p<0.05 for absolute kidney and heart
weights at 1250 mg/kg). Histopathologic lesions in the liver consisted of
hepatocellular hypertrophy, occurring at greater than or equal to 2500 mg/kg.
Nephrosis was observed in rats that died, and damage to the tubular epithelia
of the kidney occurred in terminally sacrificed rats.. Histopathologic changes
were also noted in the brain and urinary bladder. In the brain, mineralized
foci and necrosis of neuronal cells were observed in males and females at 2500
mg/kg and males at 1250 mg/kg. In the bladder, hemorrhage of the muscularis
was seen in males and females at 5000 mg/kg and males at 2500 mg/kg. The
NOAEL for this study is 312 mg/kg/day based cm liver and kidney weight changes
in male rats at 625 mg/kg. The toxicologic significance of these organ weight
changes is strengthened by the occurrence of histopathologic changes in both
the liver and kidney at higher doses. Because the exposure was for 5

/week, this dose is converted to 312 x 5/7 « 223 mg/kg/day. The LOAEL is
I yflg/kg, which is 446 mg/kg/day when converted.

NTP (1989) $lso conducted a 13-week gavage study in B6C3F1 mice, following the
same regimen described above. All mice receiving 5000 mg/kg died and 8/20
receiving 2500 mg/kg also died* Signs of toxicity seen in animals receiving
greater than or equal to 2500 mg/kg included subconvulsive jerking,
prostration, impaired grasping reflex, bradypnea, hypothermia, ataxia, and
hypoactivity. By week 13, the mean body weight of 2500 mg/kg males was
significantly (p< 0.05) lower than controls. No other significant changes were
reported for any group, including macroscopic observation, organ weight means,
or clinical pathology parameters. The NOAEL for mice in this study was 1250
mg/kg. .

The subchronic study by Wolf et al. (1956) is supportive of the NTP studies.
Groups of 10 female Wistar rats were administered gavage doses of 0,118, 354,
or 590 mg/kg toluene dissolved in olive oil. A total of 138 doses were
administered over 193 days, resulting in average doses of approximately 0, 84,
253, or 422 mg/kg/day. Hematologic, behavioral, gross and histopathologic
examinations were conducted with no toxic effects being reported at any dose.
Therefore, the highest dose of 422 mg/kg/day is considered to be the NOAEL for
tf*;* study. However, this study is not'used as the basis for the RfD because

1AEL of 446 mg/kg/day identified by NTP (1989) is too close to the NOAEL
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identified by Wolf et al. (1956). Also, the NTP study indicated that male
i are more sensitive to toluene and the Wolf study utilized only female•

o ORAL RFD UNCERTAINTY :

UF «= 1000. An uncertainty factor of 1000 was applied to account for inter-
and intraspecies extrapolations, for sub<±ronic-to-chronic extrapolation and
for limited reproductive and developmental toxicity data.

o ORAL RFD MODIFYING FACTOR :

. MF-I.

o ORAL RFD COMMENTS :

Kostas and Hotchin (1981) exposed NYLAR mice pre- and post-natally to toluene
provided in the drinking water at concentrations of 0, 16, 80, or 400 ppm.
Effects were noted in all dosed groups on rotorod performance, measured at 45
to 55 days of age, but there was an inverse dose-response relationship. No
effects of toluene exposure were seen on maternal fluid consumption, offspring
mortality rate, development of eye or ear openings, or surface-righting
response. This study is not suitable for use in risk assessment because only

3 9 pregnancies/dose group were obtained, and because the dose-response
i Monship was inverse. .

In an abstract providing limited information, Nawrot and Staples (1979)
reported an increase in embryonic lethality in mice exposed to toluene from
days 6 to 15 of gestation. Pregnant CD-1 dams were administered 0.3,0.5, or
1.0 ml/kg bw, 3 times/day (equivalent to approximately 780, 1300, or 2600
mg/kg/day). Maternal toxicity was not observed at any dose level, but toluene
was shown to be teratogenic at the high dose and embryolethal at the low dose.
These levels are higher than the NOAEL demonstrated by the NTP (1989) study.

Several subchronic and chronic inhalation studies have been performed on
toluene but are not considered to be suitable for deriving an oral RfD. These
studies are summarized nicely in the introduction to the 2-year inhalation
bioassay by NTP, 1989* The studies identify the following potential target „
.organs: kidney (male rat); hematologic effects (mice); central nervous system
(rats, mice, primates); developmental toxicity (rats, rabbits). It is beyond
the scope of this oral RfD summary sheet to describe each of these studies,

. but the two chronic (2 year) inhalation studies are summarized briefly below.

In a 2-year inhalation study by NIP (1989), F344 rats (60/sex/group) were
exposed to 0, 600, or 1200 ppm toluene and B6C3F1 mice (60/sex/group) to 0,

600, or 1200 ppm toluene for 6.5 hours/day, S days/week. Ten
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animals/group (except male mice) were removed at 15 months for toxicologic
tuation. At 15 months, there was an increased incidence and severity of

i coplastic lesions of the nasal cavity of exposed rats. Minimal
Skyfjerplasia of the bronchial epithelium was seen in 4/10 female mice at 1200
ppm. There were no significant differences in survival among any group of
animals during the 2-year study. Mean body weights were generally similar for
all groups throughout the study. Nephropathy was seen in almost all rats with
the severity somewhat increased in exposed rats. There were also effects on

* the olfactory and respiratory epithelia of exposed rats. No biologically
important lesions were seen in any groups of mice. There was no evidence of
Carcinogenicity for any group of animals in this study.

A chronic inhalation study in rats performed by OTT (1980) foiled to produce
an adverse effect Groups of 40 F344 rats/sex were exposed to 30,100, or 300
ppm toluene for 6 hours/day, 5 days/week for 24 months. An unexposed group of
120 rats/sex served as a control. Clinical chemistry, hematology, and
urinalysis testing were conducted at 18 and 24 months. All parameters
measured at the termination of the study were normal except for a dose-related
reduction in hematocrit values in females exposed to 100 and 300 ppm toluene.
The highest dose of 300 ppm was considered to be a NOAEL.

o ORAL RFD CONFIDENCE :

'y: High
I /Base: Medium

Medium

Confidence in the principal study is high because a sufficient number of
animals/sex were tested in each of six dose groups (including vehicle
controls) and many parameters were studied. The same protocol was tested in
both mice and rats, with rats being identified as the more sensitive species.
The data base is rated medium because it is supported by a 6-month oral study.
It is not higher than medium because there is no reproductive study. Also,
the oral studies are all subchronic, with the critical study being only 13
weeks in duration. Medium confidence in the RfD follows*

o ORAL RFD SOURCE DOCUMENT :

Source Document — This, assessment is not presented in any existing U.S. EPA
document

REVIEW DATES : 05/20/85, 08/05/85,08/05/86,05/17/90,
" 06/20/90

o VERIFICATION DATE : 06/20/90
CONTACTS :
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Sue Vdazquez / ORD - (513)569-7571

, han Khanna / OST - (202)260-7588
V—x

DOSE FOR INHALATION EXPOSURE
o INHALATION RFD SUMMARY :

Critical Effect Exposures* UF MF RfC

Neurological effects NOAEL: None 300 1 4E-1
mg/cu.m

Occupational Study LOAEL: 332 mg/cu.m (88 ppm)
LOAEL(ADJ): 119 mg/cu.m

Foo et al., 1990 LOAEL(HEC): 119 mg/cu.m

Degeneration of nasal NOAEL: None
epithelium

LOAEL: 2261 mg/cu.m (600 ppm)
vear Rat Chronic LOAEL(ADJ): 437 mg/cu.m

i lation Study LOAEL(HEC): 79 mg/cu.m

NTP, 1990

•Conversion Factors: MW « 92.15.

Foo et al., 1990: Assuming 25 C and 760 mmHg, LOAEL (mg/cu.m) •= 88 ppm x
92.15/24.45 -= 332 mg/cu.m. This is an extrarespiratory effect of a soluble
vapor. The LOAEL is based on an 8-hour TWA occupational exposure. MVho »= 10
cu.m/day, MVh -= 20 cu.m/day. LOAEL(HEQ «= LOAEL(ADJ) «= 332 x MVho/MVh x 5
days/7 days «= 119 mg/cu.m. . .

NTP, 1990: Assuming 25 C and 760 mmHg, LOAEL (mg/cu.m) = 600 ppm x
92.15/24.45 = 2261 mg/cu.m. LOAEL(ADJ) «= LOAEL (mg/cu.m) x 6.5 hours/24 hours
x 5 days/7 days «= 437 mg/cu.m. The LOAEL(HEC) was calculated for a
gasrrespiratory effect in the extrathoracic region. MVa «= 0.24 cu.m/day, MVh
-= 20 cu.m/day, Sa (ET) «= 11.6 sq.cm, Sh (ET) «= 177 sq.cm. RGDR «= (MVa/Sa) /
(MVh/Sh) m 0.18. LOAEIXHEQ = 437 x RGDR «= 79 mg/cu.m.

o INHALATION RFD STUDIES :

S.f J. Jeyaratnam and D. Koh. 1990. Chronic neurobehavioral effects of
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toluene. Br. J. Ind. Med. 47(7): 480-484.

i f (National Toxicology Program). 1990. Toxicology and carcinogenesis
Eddies of toluene in F344/N rats and B6C3F1 mice (inhalation studies). NTP-
TR-371. 253 p.

In humans, toluene is a known respiratory irritant with central nervous
system (CNS) effects. Because available studies could not provide
subthreshold (NOAEL) concentrations for either of these effects, the LOAELs
for both effects need, to be considered in developing the RfC. Consequently,
the study of Foo et al. (1990) was used for the CNS effects, and that of the
National Toxicology Program (NTP, 1990) for the irritant effects. Because the
CNS effect was judged to be a more severe and relevant endpoint, the LOAEL for
this effect was used for deriving the RfC. Further, this effect is supported
by a number of other occupational studies that show effects around 100 ppm.

Foo et al. (1990) conducted a cross-sectional study involving 30 exposed
female workers employed at an electronic assembly plant where toluene was
emitted from glue. Toluene levels reported in the study were from personal
sample monitoring and reported as an 8-hour TWA, although the number of
samples taken and the actual sampling period were not given. No historical
exposure values were given. Co-exposure to other solvents was not addressed
in the study. The exposed and control cohorts were matched for age,

'city, and use of medications. Members of these cohorts did not use
I iiol and were nonsmokers. Medical histories were taken to eliminate any
Histories of central or peripheral nervous system disorders. The average
number of years (47- SD) worked by the exposed population was 5.7 -hA 3.2 and
by the controls was 2.5 +/- 2.7. Exposed workers breathed toluene air levels
of 88 ppm (332 mg/cu.m) as a TWA and control workers 13 ppm (49 mg/cu.m)
(TWA); both of which are averages of the individual personal samples. A
battery of eight neurobehavioral tests were administered to all exposed and
control workers. The tests were performed midweek, before the workers reported
to their stations for the day. Group means revealed statistically significant
differences in 6/8 tests; all tests showed that the exposed workers performed
poorly compared with the control cohort When individual test results were
linearly regressed against personal exposure concentrations, poor
concentration-response relationships resulted for the six tests, with
correlation coefficients ranging from 0.44 to 0.30. Irritation effects were
not evaluated in this study, and no clinical signs or symptoms were reported.
The paucity of exposure information, coupled with the small size of the
cohort, limits the interpretation of this study, although the results were
•essentially confirmed in a clinical study in which the toluene concentrations
were carefully controlled (Echeverria et al., 1989) at levels bracketing 88
ppm. Although the data in Echeverria et al. (1989) were generated from short-

exposures (3-7 hours over a period of 142 days), the results may be
dered relevant to longer-term exposures as several studies indicate the



absence of a duration-response relationship in toluene-induced symptomatology.
nazzari et al. (1983) noted the absence of a duration-effect relationship

-, mg toluene abusers when they were segregated into neurologically impaired
/̂unimpaired (p «= 0.65). The human studies of Iregrcfl (1982), Cherry et al.
(1985), Baclum et al. (1985), and the principal study of Foo et al. (1990) all
report this lack of a duration-response relationship and confirm the
occurrence of CNS effects. Foo et al. (1990) indicate a LOAEL of 88 ppm
toluene (332 mg/cu.m) for neurobehavioral changes from chronic exposure to
toluene.

In a 2-year bioassay, Fischer 344 rats (60/sex/group) were exposed to 0,
600, or 1200 ppm (0, £261, or 4523 mg/cu.m, respectively) toluene vapors, 6.5
hours/day, 5 days/week (duration-adjusted to 0,437, and 875 mg/cu.m,
respectively) for 103 weeks (NTP, 1990). To generate toluene vapor, the
liquid material was heated, and the vapor diluted with nitrogen and mixed with
the chamber ventilation air. An interim sacrifice was carried out at 15
months on control and 1200-ppm groups (10/sex/group) to conduct hematology and
histopathology of the brain, liver, and kidney. Body weights were measured
throughout the study. Gross necropsy and micropathology examinations were
performed at the end of the study on an major organs including die nasal
passage tissues (three sections), lungs, and mainstem bronchi. Mean body
weights in both exposed groups were not different from controls for either
sex. No exposure-related clinical signs were reported, and survival rate was

;lar for all groups. At the interim sacrifice, there was a mild-to*
degeneration in the olfactory and respiratory epithelium of the nasal

in 39/40 rats of the 600- and 1200-ppm groups compared with 7/20
controls. At the end of 2 yean, there was a significant (p<0.05) increase in
the incidence of erosion of the olfactory epithelium (males: 0/50, 3/50, and
8/49; females: 2/49, 11/50, and 10/50; at 0, 600, and 1200 ppm, respectively)
and of degeneration of the respiratory epithelium (males: 15/50, 37/50, and
31/49; females: 29/49,45/50, and 39/50; at 0, 600, and 1200 ppm,
respectively) in the exposed animals. The females exposed to 600 and 1200 ppm
also exhibited a significant increase in inflammation of the nasal inucosa
(27/49,42/50, and 41/50 at 0, 600, and 1200 ppm, respectively) and
respiratory metaplasia of the olfactory epithelium (0/49, 2/50, and 6/50 at 0,
600, and 1200 ppm, respectively). A LOAEL of 600 ppm toluene was determined
for the concentration-dependent increase in erosion of the olfactory
epithelium in male rats and the degeneration of the respiratory epithelium in
both sexes. No NOAEL could be derived from this study.

o INHALATION RFD UNCERTAINTY :

UF - An uncertainty factor of 10 is used to account for intraspecies
variability and another factor of 10 for the use of a LOAEL. An additional
factor of 3 is applied for data base deficiencies, including the lack of data

ell-characterized laboratory animal exposures evaluating neurotoxicity
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and respiratory irritation.

TTON RFD MODIFYING :

MF - None
FACTOR

o INHALATION RFD COMMENTS :

Toluene-induced neurotoxicity has been documented in humans over a broad
spectrum of severity that correlates well with concentration. Numerous case
studies on chronic toluene abusers [repeatedly exposed to greater than 30,000
ppm (113,000 mg/cu.m)] have demonstrated functional deficits of the CNS "
accompanied by abnormal morphology of cerebellar and cortical areas of the
brain. Under acute exposure conditions [short exposures to greater than
10,000 ppm (37,690 mg/cu.m)], toluene produces CNS narcosis [American
Conference of Governmental Industrial Hygienists (ACGIH), 1991]. Lower
concentrations, i.e., 800400 ppm (3015-1508 mg/cu*m), have been associated
with worker complaints of CNS-related effects (ACGIH, 1991). Clinical studies
using controlled exposure to toluene have demonstrated concentration-related
occurrence of complaints such as drowsiness, ataxia, visual impairment, and
headache. A number of occupational studies indicate that these same effects
are present in exposed worker populations at concentrations lower than 400 ppm

t mg/cu.m) although deficiencies in most of these studies preclude
L fining this finding unequivocally. Descriptions of a number of these
studes follow. The preponderance of the literature showing CNS effects and
the well-known proclivity for solvents to affect CNS processes in humans leave
little doubt that the brain is a principal target organ for toluene toxicity
in humans.

In cases of inhalation abuse of toluene, Rosenberg et al. (1988)
demonstrated diffuse cerebral, cerebellar, and brainstetn atrophy in 3 of 11
toluene abusers who also had neurological abnormalities. Filley et al. (1990)
were able to correlate neuropsychological impairment with the degree of white
matter abnormality (p<0.01). Cerebellar and cortical functions were
classified as impaired in 15/24 individuals who had abused toluene daily (425
+/- 366 mg/day) for extended periods (6.3 -f-/- 3.9 years) (Fonuzzari et al.,
1983). In a limited case study, Metrick and Brenner (1982) demonstrated
brainstem atrophy through computerized tomographic scans and abnormal
tainstem auditory-evoked potentials in 2/2 chronic toluene abusers (12-16
*rs of admitted, continuous abuse). These studies confirm the occurrence of
vere CNS damage in response to highly abusive concentrations of toluene.

Several studies that have investigated the occurrence of neurotoxicity at
concentrations, such as occupational situations, have not demonstrated
•ant neurological or other effects. Hanninen it al. (1987) performed a
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battery of 11 psychological tests on 43 printing workers who had been
Tupationally exposed to approximately 117 ppm (441 mg/cu.m) toluene for an

• rage of 22 years and found only mildly adverse effects in 2/11 tests. The
V̂ iitrol and exposed cohorts in this study were, however, mismatched in several
areas, most notably alcohol use. Iregrtn (1982) examined the psychological
performance of 38 printers who had been occupationally exposed to 50-150 ppm
(188-565 mg/cu.m) toluene for an average of 16.3 years (range 3-32 years). No
effects were seen, although the cohorts in this study were apparently matched
only by age. In a cohort study, Cherry et al. (1985) attempted to better match
the control and exposed cohorts and considered alcohol use. Although no
differences between the cohorts were statistically significant, the exposed
workers performed worse than the nonexposed workers on 10/13 psychological
tests. The 52 workers in this study were not, however, rigorously matched, and
the concentrations listed in the study ranged up to greater than 500 ppm (1884
mg/cu.m). The cohorts in the study of Foo et al. (1990) were well matched for
a number of confounders, including alcohol use, and statistically significant
psychological effects were seen.

Li the occupational study conducted by Yin et al. (1987), 94 solvent
workers (38 men and 56 women; average employment duration, 6.8 years) and 138
controls (48 men and 90 women) were examined for exposure using diffusion
dosimeters, subjective symptoms by questionnaire, hematology, and urinalysis.
Exposure concentration (7-hour mean TWA) in the workers was estimated at 42.8

**i (161 mg/cu.m) toluene with a maximum measurement of 123 ppm (464 mg/cu.m).
i leers woe co-exposed to 1.3 ppm benzene. No exposure-related effects were
noted in any of the biochemical tests examined. In considering the prevalence
of subjective symptoms (sore throat, headaches, and dizziness) workers were
subgrouped into low (6-39 ppm, n «= 28) and high (40-123 ppm, n «= 29)
categories. Although the prevalence of subjective symptoms was significantly
higher in the exposed workers compared with the control cohort (p<0.01), a
concentration-response relationship was not discernable among the groups. No
other treatment-related effects were reported. The study was limited because
the exposed and unexposed groups were not matched to control for confounding
effects (e.g., age, smoking, alcohol consumption, exposure duration). Based
on these results, exposure to an average of approximately 42.8 ppm toluene
produced no biochemical abnormalities, although neither respiratory irritation
nor psychological performance was directly evaluated in these workers.

In the occupational study by Lee et al. (1988), prevalence of subjective
symptoms was categorized with respect to exposure levels. The study
population (193 women and 65 controls) completed a questionnaire. The
exposures were reported as 8-hour TWAs, and workers were grouped in exposure
categories of nonexposed, 1-50 ppm, 51*100 ppm, 101*150 ppm, and more than 151
ppm (duration of exposures was not reported). A concentration-dependent
increase in prevalence was reported for 25/67 symptoms with increases in

taints over controls occurring at around 100 ppm (348 mg/cu.m). Similar
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to the Yin et al. study (1987) reported above, symptomatology included
daches, sore throats, and dizziness. Although an effect level in humans of

- md 100 ppm is indicated by this study, no objective measures of toxicity
>r« examined.

A number of acute human studies have focused on toluene effects. In
general, these studies corroborate subjective CNS effects such as headaches
and dizziness reported in other longer-term occupational studies (Yin et al.,
1987; Lee et al., 1988) and also document irritation effects. The study of
Echeverria et al. (1989) correlates the occurrence of these subjective effects
with substantial neurological symptoms.

Forty-two college students (21 female and 21 male) were exposed to 0, 74
ppm (279 mg/cu.m), or 151 ppm (569 mg/cu.m) toluene for 7 hours over 3 days
(Echeverria et al., 1989). This exposure sequence was repeated for a total of
42 exposures over a 3-month period. The odor of toluene was masked. A battery
of performance tests was administered to each participant prior to starting
the exposures and again at 4 and 7 hours during the exposure; the initial test
served as a control for those tests performed during the exposure. A 5-10%
decrement in performance was considered significant if consistent with a
linear trend. Test results for visual perception differed from control values
for both exposure levels* Results of a manual dexterity test differed from
control values at the higher but not the lower exposure level. Psychomotor

results were unaffected by toluene exposure. Subjective symptomatology
v yeased with exposure with increasing numbers of complaints of eye
Dntation, headache, and somnolence. A NOAEL of 74 ppm (279 mg/cu.m) is
indicated for these results. The duration-adjusted value is 122 mg/cu.m for
these acute effects.

Andersen et al. (1983) exposed 16 subjects (average age of 24 years) to 0,
10, 40, or 100 ppm (0, 38,151, or 377 mg/cu.m) toluene for 6 hours on each of
4 consecutive days. Individuals were tested for nasal mucous flow, lung
function, subjective response, and psychometric performance. At 100 ppm,
irritation was experienced in the eyes and nose, but no effect on nasal mucous
flow or lung function was observed. The subjects frequently reported
headaches, dizziness, and a feeling of intoxication. These effects were not
reported by the 10- or 40-ppm exposure groups. No effects were seen in
performance tests. This study indicates an effect level of 100 ppm, and a
NOAEL of 40 ppm (151 mg/cu.m).

The acute study by Baelum et al. (1990) evaluated 32 males and 39 females
exposed to 0 or 100 ppm (0 or 377 mg/cu.m), or to varying exposures of 50-300
ppm (188-1131 mg/cu.m) (TWA «= 102 ppm), for 7 hours. Volunteers exercised on
an ergomcter cycle for 3 periods of 15 minutes each during the exposure. No
-"nificant differences were found in the performances between the exposed and

rol groups in a battery of tests for performance, visual attention, and
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\̂ n̂c

reaction times. Exposed subjects reported an increase over nonexposed
'Meets (p<0.1) in nose and lower respiratory irritation, feelings of

ication, dizziness, increased coughing, and headaches. Differences were
between the group exposed to a constant level (100 ppm) and the

group exposed to the same TWA, but with peaks of up to 300 ppm.

Baelura et al. (1985) investigated the effects of a 6.5-hour toluene
exposure to 43 printers with a long-term occupational exposure to a mixture of
solvents including toluene and 43 controls with no history of exposure to
solvents or other chemicals. The duration of employment for the workers
ranged from 9-25 years. Each individual was exposed only once to either 0 or
100 ppm (0 or 377 mg/cu.m) toluene during a 6.5-hour exposure period, preceded
by a 1-hour acclimatization period. These subjects were then subgrouped into
printers exposed to toluene (n «= 20), printers exposed to air (n « 23),
controls exposed to toluene (n « 21), and controls exposed to air (n = 22).
All subjects carried out a battery of tests for psychometric performance,
visual perception, and vigilance evaluation. Both printers and controls
complained of nasal and eye irritation, unacceptable ait quality, and
unacceptable odor level during the toluene exposure. Signs of neurotoxicity,
including moderate fatigue, sleepiness, headaches, and a feeling of
intoxication, were likewise similarly reported for both groups. A significant
decrease in performance was found for the pegboard visual motor function test
in the exposed printers, but not in the controls exposed to 100 ppm toluene.

4«crease in psychometric performance, primarily in visual perception and
I jacy, was observed in toluene-exposed individuals. Acute exposure to
tbnrcne resulted in a tower performance in 4/10 tests conducted, 3 of these 4
evaluated visual perception. The most profound difference between subjects
exposed to 100 ppm toluene and those exposed to dean air was observed in the
color discrimination test; this difference was seen in both exposed vs.
nonexposed printers and exposed vs. nonexposed controls. This study indicates
that little; tolerance develops to the irritative and central effects in humans
exposed to toluene and that 100 ppm (377 mg/cu.m) is the effect level for
these symptoms.

Von Oettingen et al. (1942) exposed 3 humans to 100 or 200 pprn (377 or 754
mg/cu.m) toluene vapors for 8 hours. At 200 ppm, die subjects experienced
muscular weakness, confusion, impaired coordination, and dilated pupils, with
after-effects including fatigue, general confusion, and moderate insomnia. In
1 subject exposed to 100 ppm toluene, moderate fatigue, sleepiness, and
headaches were reported.

Hepatotoxicity has also been examined as a toxicologic endpoint of toluene
exposure in humans. Fornazzari et al. (1983) described moderate elevation of
serum AP levels in 13/24 (and SCOT in 7/24) toluene abusers upon admission to
a clinic. These elevated levels were normal after 2 weeks of solvent

tnce, although the accompanying CNS effects were only minimally
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improved. In a cross-sectional study of 181 printing workers in which toluene
x>sures were less than 200 mg/cu.m, no adverse effects were apparent as

from serum liver enzymes (Boewer et al., 1988). In another cross-
occupational study conducted by Guzelian et al. (1988) that involved

289 printing factory employees, 8 workers were found who had an increase
described as "marked" in the ratio of ALT/AST enzyme serum activity. Biopsies
revealed mild pericentral fatty livers in each of the eight cases. Based on
environmental data (probably area monitors) the levels of toluene to which
these workers were exposed was less than 200 mg/cu.m., 2-8 hours/day.

Fischer 344 rats (120/sex/group) inhaled 0, 30,100, or 300 ppm (0, 113,
377, or 1130 mg/cu.m, respectively) toluene (99.9% purity), 6 hours/day, 5
days/week (duration-adjusted to 0, 20, 67, or 202 mg/cu.m, respectively) for
106 weeks (CTT, 1980; Gibson and Hardisty, 1983). Vapor, generated by
bubbling clean air through toluene, was passed through the air supply duct and
mixed with air by turbulent flow to produce the desired concentration.
Hematology, blood chemistry, and urinalysis were conducted in all groups at 6
(5/sex), 17 (5/sex), 18 (10-20/sex), and 24 months (10/sex). Histopathology
was evaluated only in the control and 300-ppm groups at 6 (5/sex)ff 12 (5/sex),
and 18 months (20/sex). At 24 months, histopathological examinations were
conducted in organs of all surviving animals, including the respiratory system
and sections through the nasal turbinates (number not indicated). No
treatment-related non-neoplastic effects were observed in the exposed animals.

^ ough the male rats exposed to 300 ppm had a significant increase in body
i At compared to controls, no concentration-response was evident At the
end of the exposure period, the female rats exposed to 100 or 300 ppm
exhibited a slight but significant reduction in hematocrit; an increase in the
mean corpuscular hemoglobin concentration was also noted but only in the
females exposed to 300 ppm. The highest concentration examined in this study,
300 ppm, is designated as a NOAEL for toxicity remote from the respiratory
tract in rats. CUT (1980) reported that the technical and raw data were not
audited by their quality assurance group during the study period, although
CUT did conduct a quality assessment procedure to review the data. The
available pathology reports containing these data indicate that at least the
lower respiratory tract was examined. Communication with the testing sponsor
has provided information indicating that only one section was examined from
the nasal cavity of these test animals. It is not clear whether this single
section would have been sufficient to elucidate the areas of lesions noted in
the NTP (1990) study. Consequently, the designation of the 300-ppm exposure
level as a NOAEL for respiratory lesions (see NTP, 1990) is problematic.

Fischer 344/N rats (10/sex/group) were exposed to toluene vapors at 0,
100, 625,1250, 2500, and 3000 ppm (0, 377, 2355,4711, 9422, and 11,307
mg/cu.m, respectively) 6.5 hours/day, 5 days/week (duration-adjusted to 0, 73,
455, 911, 1823, and 2187 mg/cu.m, respectively) for 15 weeks (NTP, 1990).

l weights were measured and histological examinations, were performed only
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on controls, 2500- and 3000-ppm groups, and animals that died before the end
lie study. Eight of 10 males exposed to 3000 ppm died, all during the 2nd
asureweek. No females died at any exposure level. Compared to the

ls, final body weights were 15 and 25% lower in the males and 15 and 14%
lower in the females of the 2500- and 3000-ppm groups, respectively. There
was a concentration-related increase in die relative liver weight, significant
at 1250,2500, and 3000 ppm in males and at 2500 and 3000 ppra in females. The
relative weights of the heart, lung, kidney, and right testis were also
significantly elevated in the 2500- and 3000-ppm animals compared to those of
the controls, although no histopathology was observed in any exposure group.
Toxic effects noted in a concurrently conducted gavage study (urinary bladder
hemorrhages in the two highest exposure groups) were not noted in this
subchronic inhalation study. A LOAEL of 2500 ppm [LOAEL(HEC) *= 1823 mg/cu.m]
was determined for the decrease in body weight gain in both males and females,
and the NOAEL for this effect was 1250 ppm (NOAEL(HEQ «= 911 mg/cu.m].

Toluene has been suspected to cause congenital defects in infants born to
mothers who were exposed to or who abused toluene during pregnancy. In a case
report study, Hersh et al. (1985) describes clinical and morphometric
characteristics common to 3 children whose mothers had abused toluene (but
apparently not alcohol or any other substance) for a period of 4-5 years
including during their pregnancies with the affected children. Clinical
findings common to these three children included microcephaly, CNS

function, attention deficits, and developmental delay/mental deficiency.
i KDtypic similarities included a small midface, deep-set eyes, micrognathia
VrtMness of the jaws), and blunting of the fingertips. A retrospective
cohort study was conducted by McDonald et al* (1987) who examined the history
of exposure to chemicals of 301 women who had recently given birth to an
infant with an important congenital defect An identical number of women
(referents) who had given birth to normal children were matched with respect
to age, employment (hours/week), date of delivery, and educational level. In
initial matched-pair analysis, chemical exposure was higher in the cases than
in the referents (63 cases:47 referents) due to excess cardiac and
miscellaneous defects. In further analysis by chemical categories, only
exposure to aromatic solvents showed a dear excess of defects, mostly in the
urinary tract. Details of these cases (n «= 19) showed that toluene was
identified as the solvent in 11 of these cases.

Hudak and Ungvary (1978) exposed three groups of pregnant CFY rats to
toluene during different periods of gestation and for different durations of
exposure. Two of the groups had their own control group exposed to air only
and matched for period and daily duration. The first of these (n *= 19) was
exposed to 1500 mg/cu.m for 24 hours/day during gestational days 9 to 14. Two ,
dams died during these exposures. No details on the deaths are given but no
other maternal toxicity was observed. Fetotoxicity was also in evidence as

>bral alterations (6% vs. 1% in controls), extra ribs (22% vs. 0% in
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controls), and the presence of fetuses with missing tails (2/213, none observed
115 controls) were recorded. Under these exposure conditions, 1500 mg/cu.m
LQAEL for fetotoxicity and a frank effect level (PEL) for maternal

. The second group (n « 14) received this same concentration
continuously but on days 1-8 of gestation. Five dams died under these exposure
conditions although toxicity parameters of the surviving dams were identical
with the controls from the first group (gestatkmal days 9-14). Slight
hydrocephaly was noted in 4 fetuses (all from the same litter), and 17% growth
retardation was noted vs. 7% in the controls. Thus these exposure conditions
are a FEL for maternal toxicity and a LOAEL for fetotoxicity. A third group
was exposed to 1000 mg/cu.m for 8 hours/day from the 1st to the 21st day of
gestation. No maternal deaths or toxicity occurred. Minor skeletal
retardation was present in the exposed fetuses at a higher incidence rate (25%)
than in concurrent controls (0%). These results indicate that 1000 mg/cu.m is
a LOAEL for developmental effects under these exposure conditions. This
concentration is also a NOAEL for maternal effects. These workers also exposed
groups of pregnant CFLP mice (n = 1 1-15) to either air or 1500 or 500 mg/cu.m
toluene continuously during days 6-13 of pregnancy. All mice exposed to the
high concentration died within 24 hours of the beginning of exposure. No dams
died in the lower exposure group. In this group, the average fetal weight
decreased to 0.96 g from the average control weight of 1.07 g, and the
percentage of weight-retarded fetuses (less than 0.9 g) increased to 27.6% from
6.5% in the controls. No difference in incidence of skeletal malformations or

•nalies was noted between these and control fetuses. For mice, 1500 mg/cu.m
x. fr FEL and 500 mg/cu.m is a mild LOAEL. Since duration adjustment is not

"performed for developmental effects, this concentration is also the LOAEL(HEC).

B6C3F1 mice (6Q/sex/group) were exposed to 0, 120, 600, or 1200 ppm (0,
452, 2261, or 4523 mg/cu.m, respectively) toluene 6.5 hours/day, 5 days/week
(duration-adjusted to 0, 87, 47, and 875 mg/cu.m, respectively) for 2 years
(NTP, 1990). Mean body weights were not significantly different among groups
and no treatment-related clinical signs were observed. Deaths (moribund and
natural) occurred in all exposure groups but were not related to exposure and
were not greater titan the control rates. An excess incidence of non-
neoplastic inflammatory lesions of the urinary and genital system was observed
in all the groups of male mice. At the 15-month interim sacrifice, minimal
hyperplasia in the bronchial epithelium was observed in 4/10 females exposed
to 1200 ppm. At the end of the study, there was a concentration-dependent
increase in the incidence of splenic pigmentation in-the exposed males (9/60,
11/60, and 18/59 at 120, 600, and 1200 ppm, respectively) compared to controls
(4/60). In the females, the incidence was 37/50, 33/50, 34/49, and 28/47 at
0, 120, 600, and 1200 ppm, respectively. The occurrence of endometrial
hyperplasia was present in 14% of die animals exposed to the highest
concentration but only in 4% in the low-exposure groups and controls. No

^ /inferences were noted between the exposed and control mice of cither sex in
incidence of degeneration of either the olfactory or respiratory

'
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epithelium. No other non-neoplastic lesions were observed in exposed mice.
no adverse effects were noted in this study, the highest concentration,
0 ppm was designated as a NOAEL in mice for this chronic study [NOAEL(HEQ

mg/cu.m].

Sprague-Dawley rats (15/sex/group) were exposed to cumulative mean
exposures of 0, 100, or 1481 ppm (0,377, or 5653 mg/cu.m) toluene vapors, 6
hours/day, 5 days/week (duration-adjusted to 0, 67, and 1009 mg/cu.m,
respectively) for 26 weeks (API, 1981). On weeks 9,18, and 27,
neurohistopathological examinations were conducted in 3-5 rats/sex/group.
Hematology, clinical chemistry, and urinalysis parameters were evaluated after
13 and 26 weeks of exposure. Body weights were measured weekly. No
significant treatment-related effects were reported. Therefore, a NOAEL of
1481 ppm (NOAEL(HEQ «= 1009 mg/cu.m] toluene was determined for systemic
effects in rats. The study was limited because there were no other
neurohistopathological examinations or organ weight measurements conducted on
the animals.

Inhalation exposure to toluene has been shown to result in irreversible
high-frequency hearing loss in rats. Pryor et al. (1984) exposed young male
Fischer 344 rats to a variety of exposure concentrations and durations.
Hearing toss was evaluated by a behavioral technique (avoidance response
elicited to an auditory signal) or brainstem auditory-evoked responses

t̂ed by tone pips of differing loudness and frequency and detected by
i ural scalp electrodes). Hearing toss, as measured by both techniques, was
ouswved after as few as 2 weeks exposure to 1000 ppm toluene for 14
hours/day. Lower concentrations of 700 ppm for 14 hours/day were without
effect after 16 weeks of exposure. Intermittent exposure to 3000 ppm for 30
minutes/hour for 8 hours/day caused hearing loss within 2 weeks, whereas a
similar exposure schedule for only 4 hours/day was without effect after 9
weeks. These data define a NOAEL for hearing toss in rats of 700 ppm
[NOAEL(HEQ « 2638 mg/cu.m]. The duration-adjusted HEC (assumed 5 days/week)
would be 14/24 hours x 5/7 days D 1100 mg/cu.m. Although these results
clearly document hearing loss in young adult rats, their direct significance
to humans remains unclear. Among chronic toluene abusers there is only a
single report of adverse effects on hearing; Metrick and Brenner (1982)
claimed that the abnormal auditory-evoked potentials recorded in two chronic
toluene abusers was evidence of brainstem abnormalities.

Pregnant Wistar rats and hamsters (group size not indicated) inhaled 0 or
800 mg/cu.m toluene vapors 6 hours/day on gestational days. 14-20 (rats) or
gestational days 6 to 11 (hamsters) (DaSilva et al., 1990). In the exposed
rats, there was a significant (p<0.05) increase in the number of litters with
one or more tow birth weight pups (less than 4.9 g), from 10% in the controls
to 54% in the exposed dams. A decrease (p<0.05) in the number of live pups at

" was also noted in the Utters of exposed dams. No evaluation of



formations or anomalies was performed. The neurobehavioral development of
_̂ 6ffspring of the exposed rats was assessed using tests of spontaneous
«srnation, rim escape, and avoidance responses. The only effect noted in the

rats, a shortened first trial latency in choosing one side of a maze, was
minimal and its significance unclear. No comparable reproductive deficits
occurred in the exposed hamsters. The only effect noted in the neurobehavioral
tests of the hamster offspring was an equivocal effect in rota-rod performance.
No neurobehavioral effect levels were designated from this study, although it
appears that the rat developmental processes are more sensitive than those of
the hamster, exhibiting adverse effects at 800 mg/cu.m.

Ungvary and Tatrai (1985) exposed New Zealand rabbits (8*10/group) to 0,
500, or 1000 mg/cu.m toluene, 24 hours/day, on gestational days 7-20, and CFLP
mice (15 females/group) to 0, 500,1000, or 1500 mg/cu.m toluene, also
continuously, on gestational days 6-15. The control groups consisted of 115
mice and 60 rabbits. All the female mice exposed to 1500 mg/cu.m died. In
the mice exposed to 1000 mg/cu.m, there was an increase in fetuses with
retarded weight (29%, level of retardation not indicated) and in fetuses with
skeletal retardation (12%) compared to 7% and 5%, respectively, in the
controls, which did not differ from the animals exposed to 500 mg/cu.m. Of
the 8 pregnant rabbits exposed to 1000 mg/cu.m, 2 died, 4 had spontaneous
abortions, and the remaining 2 had total litter resorption. No deaths

*red in the 10 rabbits exposed to 500 mg/cu.m but 1/10 rabbits had a
abortion (as compared to 0/60 reported for the controls). A

*«OAEL(HEC) of 500 mg/cu.m toluene was determined for reproductive effects in
mice. For rabbits, the 500 mg/cu.m concentration is designated as a LOAEL.
These results indicate that pregnant mice may be a sensitive population to the
effects of toluene.

Pregnant Charles River CD-1 mice (15*16 females/group) inhaled filtered
air or 200 or 400 ppm (754 and 1508 mg/cu.m) toluene 7 hours/day on
gestational days 7-16 (Courtney et al., 1986). The relative liver weight in
the exposed dams was reported to be significantly lower in the two exposed
groups compared to the controls, although no data were presented. A
statistically significant increase in lactate dehydrogenase activity in the
brain of the dams exposed to 400 ppm was also reported. The exposed pregnant
mice did not exhibit any significant differences in the number of implantation
sites, number of live fetuses, fetal deaths, or fetal body weight compared to
the control values. A statistically significant increase over controls in the
incidence (both per litter and per fetus) of enlarged renal pelves was noted
in dams exposed to 200 ppm but not 400 ppm. A statistically significant
alteration from controls in the rib profile (percentage of fetuses with 1 or 2
additional/fewer ribs) was reported for fetuses from dams exposed to 400 ppm
v ' not 200 ppm. The toxicological significance of this finding is not clear.
\ o clearly significant toxicological effects were observed, the highest
-̂ used, 400 ppm [NOAEL<HEC) « 1508 mg/cu.m] is designated as a
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NOAEL for reproductive and developmental effects in mice.

2-generation inhalation reproductive study was conducted in CD rats (10-
males, 20-80 females/group) (An, 1985). Animals were exposed by whole-

body inhalation to toluene at 0, 100,500, or 2000 ppm (0,377,1885, or 7538
mg/cu.m, respectively) 6 hours/day, 7 days/week for 80 days and-a 15-day
mating period. The mated females were then exposed to the same concentrations
during days 1*20 of gestation and days 5-20 of lactation. After weaning, the
pups in this generation (Fl) were exposed 80 times and then randomly mated
with members of the same exposure group (2 females/1 male) to produce the
second generation (F2). Mean male body weights were slightly reduced (maximum
of 10%) in the first 2 weeks of the exposure in the animals exposed to 500 and
2000 ppm, although the size of the reduction was not related to exposure. No
differences were observed in male or female fertility indices, length of
gestation, mean numbers of viable and nonviable pups at birth, or pup survival
indices during lactation. No abnormal histopathology was noted in organs
examined. A significant decrease (p<0.05) in weight relative to controls was
observed in the first generation offspring. The decrease was maintained
throughout the lactation period in die pups from dams exposed to the highest
exposure and in those from the ancillary group in which females exposed to the
2000 ppm concentration were mated with mates having no exposure. No data were
available in the report about the F2 generation. Based on the effects on the
pups of the first generation (Fl), a LOAEL of 2000 ppm [LO AEL(HEC) « 7538
'cu.m] is designated, die NOAEL being 500 ppm (NOAEL(HEC) «= 1885 mg/cu.m],

TTON RFD CONFIDENCE : Study - Medium Data Base ** Medium RfC
Medium The study of Foo ct al. (1990)

' indicates adverse neurological effects of
toluene in a small worker population. These
effects are consistent with more severe CNS
effects occurring at abusive concentrations
of toluene and could not have been confounded
by alcohol as the control and exposed
populations did not use alcohol. However, the .
paucity of exposure information and
identification of only a LOAEL is not
sufficient to warrant a higher confidence
than medium for this study. Other
studies indicate that irritation may occur at
around die same concentration, 100 ppm
(Baelum et al., 1985; Echeverria et al.,
1989). In regard to this effect, the NTP
(1990) rat chronic inhalation study was well
conducted, established the rat as the most
sensitive species, examined an adequate
number of animals, and performed
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histopathology on all major organs,
including die brain and the respiratory
tract The sensitive endpoint was die
concentration-dependent degeneration of the
nasal epithelium characterized by die
erosion of the olfactory epithelium and
degeneration of the respiratory epithelium in
male rats. The NTP study is also given medium
confidence, however, as it did not establish
a NOAEL. Although this data base has a
complement of chronic laboratory animal
studies, long-term data in humans are not
available for cither the neurotoxicity or
irritation endpoints. The
reproductive/developmental studies in three
species were not comprehensive in endpoint
evaluation but do identify the rabbit as the
most sensitive species. The data base is thus
given a medium confidence rating. A medium
confidence rating for the RfC follows.

o INHALATION RFD SOURCE:
' i
Document - This assessment is not presented' in any existing U.S. EPA

rment

Other EPA Documentation - U.S. EPA, 1984,1985
DOCUMENT

o REVIEW DATES : 04/21/88,05/26/88,02/16/89,03/21/89,
05/18/89,08/15/91,12/11/91

o VERIFICATION DATE : 05/18/89, 12/11/91
o EPA CONTACTS :

Gary L. Foureman / OHEA - (919)541-1183

Annie M. Jarabek / OHEA - (919)541*4847

EVIDENCE FOR HUMAN CARCINOGENICITY
o CLASSIFICATION : D; not classified
o BASIS FOR CLASSIFICATION : No human data and inadequate animal data.

Toluene did not produce positive results in
the majority of genotoxic assays.

»HUMAN CARdNOGENICTTY DATA :
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o ANIMAL CARONOGENICITY DATA :

( »chronic (106-week) bioassay of toluene in F344 rats of both sexes
\efjwted no carcinogenic responses (CUT, 1980). A total of 960 rats were
exposed by inhalation for 6 hours/day, 5 days/week to toluene at 0, 30,100,
or 300 ppm. Groups of 20/sex/dose were sacrificed at 18 months.- Gross and
microscopic examination of tissues and organs identified no increase in
neoplastic tissue or tumor masses among treated rats when compared with
controls. The study is considered inadequate because die highest dose
administered was well below die MTD for toluene and because of die high
incidence of lesions and pathological changes in the control animals.

Several studies have examined the Carcinogenicity of toluene following
repeated dermal applications. Toluene (dose not reported) applied to shaved
interscapular skin of 54 male mice (strains A/He, C3HeB, SWR) throughout their
lifetime (3 times weekly) produced no carcinogenic response (Poel, 1963). One
drop of toluene (about 6 mL) applied to die dorsal skin of 20 random-bred
albino mice twice weekly for 50 weeks caused no skin papillomas or carcinomas
after a 1-year latency period was allowed (Coombs et al., 1973). No increase
in die incidence of skin or systemic tumors was demonstrated in male or female
mice of three strains (CF, C3H, or CBaH) when toluene was applied to the back
of 25 mice of each sex of each strain at 0.05-0.1 ml/mouse, twice weekly for
56 weeks (Doak et al., 1976). One skin papilloma and a single skin carcinoma

> reported among a group of 30 mice treated dermally with one drop of 0.2%
I /solution toluene twice weekly, administered from droppers delivering 16-
ztTuL per drop for 72 weeks (Ujinsky and Garcia, 1972). It is not reported
whether evaporation of toluene from the skin was prevented during these
studies.

o SUPPORTING DATA :

Toluene was found to be nonmutagenic in reverse mutation assays with S.
typhimurium (Mortelmans and Riccio, 1980; Nestmann et al., 1980; Bos et al.,
1981; Litton Bionetics, Inc., 1981; Snow et al., 1981) and E. coli (Mortelmans
and Riccio, 1980), with and without metabolic activation. Toluene did not
induce mitotic gene conversion (Litton Bionetics, Inc., 1981; Mortelmans and
Riccio, 1980) or mitotic crossing over (Mortelmans and Riccio, 1980) in S.
cerevisiae. Although Litton Bionetics, Inc. (1981) reported that toluene did
not cause increased chromosomal aberrations in bone marrow cells, several
Russian studies (Dobrokhotov, 1972; Lyapkalo, 1973) report toluene as
effective in causing chromosal damage in bone marrow cells of rats. There was
no evidence of chromosomal aberrations in blood lymphocytes of workers exposed
to toluene only (MaK-Paakfcanen et al., 1980; Fomi et al., 1971), although a
slight increase was noted in workers exposed to toluene and benzene (Form et
al.. 1971; Funes-Craviota et al., 1977). This finding is supported by studies

tared human lymphocytes exposed to toluene in vitro; no elevation of



mosomal aberrations or sister chromatid exchanges was observed (Gerner*
t and Friedrich, 1978).

CARCINOGENICrrY ASSESSMENT DOCUMENTATION AND REVIEW
o CARONOGENICITY SOURCE:

U.S. EPA. 1987. Drinking Water Criteria Document for Toluene. Prepared by
the Office of Health and Environmental Assessment, Environmental Criteria and
Assessment Office, Cincinnati, OH for the Office of Drinking Water,
Washington, DC. ECAO-ON-408.

The values in the 1987 Drinking Water Criteria Document for Toluene have
received peer and administrative review.
DOCUMENT

oPEVIEW DATES : 09/15/87
i SRIHCATIONDATE : 09/15/87
V-̂ A CONTACTS :

Dharm V. Singh / OHEA - (202)260-5958

Robert E. McGaughy / OHEA - (202)260-5898

ONE-DAY HEALTH ADVISORY

One-day HA - 2E-I-1 mg/L

NOAEL - 21.5 mg/kg/day
UF — 10 (allows for intrahuman variability with die use of a NOAEL from a

human study)
Assumptions — 1 L/day water consumption for a 10-kg child

Principal Study *- Gamberale and Hultengren, 1972

This study reported that a 20-minute exposure to 100 ppm toluene was a no-
effect level when determined by perceptual speed and reaction time tests in
* *n volunteers. At 200 ppm, toluene was noted as dearly causing toxic

such as incoordination, exhilaration, and prolonged reaction time.
it and other data support die selection of 100 ppm (377 mg/cu.m) toluene as
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the NOAEL in humans exposed for up to 8 hours. Based on the conditions of
losure and an assumed absorption rate of 60%, this level is equivalent to

i 5 mg/kg/day.

TEN*DAY HEALTH ADVISORY

No information was found in die available literature that was suitable for
determination of a Ten-day HA value. It is, therefore, recommended that the
DWEL, adjusted for a 10-kg child (3 mg/L) be used as the Ten-day HA value.

LONGER-TERM CHILD HEALTH ADVISORY

No information was found in the available literature that was suitable for
determination of a Longer-term HA value. It is, therefore, recommended that
the DWEL, adjusted for a 10-kg child (3* mg/L) be used as die Longer-term HA
value for a child.

LONGER-TERM ADULT HEALTH ADVISORY

No information was found in the available literature that was suitable for
n̂nination of a Longer-term HA value. It is, therefore, recommended that

^JJWEL, adjusted for a 70-kg adult (10 mg/L) be used as the Longer-term HA
value for an'adult

LIFETIME HEALTH ADVISORY
i <

Drinking Water Equivalent Level (DWEL) - 7E-0 mg/L

Assumptions — 2 L/day water consumption for a 70-kg adult

RfD Verification Date - 06/20/90

Lifetime HA *- IE-0 mg/L

Assumptions — 20% exposure by drinking water

Principal Study - NTP, 1989 (This study was used in the derivation of the
chronic oral RfD; see RDO)

1ANOUEPTIC PROPERTIES
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threshold in water is reported as 0.04 and 1 mg/L. Odor threshold
,vater is reported as 0.04 and 1 mg/L.

DRINKING WATER ANALYTICAL PROCEDURES

Analysis of toluene is by a purge-and-trap gas chromatographic procedure
used for die determination of volatile aromatic and unsaturated organic
compounds in water.

DRINKING WATER TREATMENT

Treatment options for removing toluene form drinking water sources include
air stripping and adsorption onto granular activated carbon.

HEALTH ADVISORY DOCUMENTATION AND REVIEW
o HEALTH ADVISORY SOURCE :

U.S. EPA. 1990. Final Draft of the Drinking Water Criteria Document for
<ene. Office of Drinking Water, Washington, DC.

o HEALTH "ADVISORY REVIEW :
EPA review of HAs in 1986.

Public review of HAs in 1987.

Science Advisory Board review to be determined.

o EPA DRINKING WATER CONTACT :

Krishan Khanna / OST - (202)260-9568

Edward V. Ohanian / OST - (202)260-7571

WATER QUALITY CRITERIA FOR HUMANS

and Fish Consumption: 1.43E+4ug/L
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I i Consumption Only: 4.24E+5 ug/L

Considers technological or economic feasibility? - NO

Discussion - The WQC of 1.43E+4 ug/L is based on consumption of contaminated
aquatic organisms and. water. A WQC of 4.24E4-5 ug/L has also been established
based on consumption of contaminated aquatic organisms alone.

Reference - 45 FR 79318 (11/28/80)

EPA Contact - Criteria and Standards Division / OWRS
(202)260-1315 / FTS 260-1315

AMBIENT WATER QUALITY CRITERIA FOR AQUATIC ORGANISMS

Freshwater:

Acute LEG- 1.75E+4ug/L
Chronic LEG - none

me:
/
Acute LEG- 6.3E+3ug/L
Chronic* LEG - S.OE-f 3 ug/L

Considers technological or economic feasibility? — NO

Discussion - The values that are indicated as "LEG" are not criteria,but
are the lowest effect levels found in the literature. LEC*s are given when
the minimum data required to derive water quality criteria are not available.

Reference - 45 FR 79318 (11/28/80) .

EPA Contact - Criteria and Standards Division / OWRS
(202)260-1315 / FTS 260-1315

MAXIMUM CONTAMINANT LEVEL GOAL

v j (status) - 1 mg/L (Final, 1991)
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ŝiders technological or economic feasibility? ~ NO '

mission - EPA has set a MCLG for toluene based on its potential adverse
effects reported in a 13-week oral study in rats. The MCLG is based upon a
DWEL of 7 mg/L and an assumed drinking water contribution of 20 percent

Reference - 54 FR 22062 (05/22/89)

EPA Contact - Health and Ecological Criteria Division / OST /
(202) 260-7571 / FTS 260-7571; or Safe Drinking Water Hotline / (800) 426-4791

MAXIMUM CONTAMINANT LEVEL

Value- 1 mg/L (Final, 1991)

Considers technological or economic feasibility? - YES

Monitoring requirements - All systems initially monitored for four
consecutive quarters; repeat monitoring dependent upon detection,
vulnerability status and system size.

. lytical methodology - Gas chromatography (EPA 502.2, 503.1);
V̂ /&iromatography/mass spectrometry (EPA 524.1, 524.2): PQL*= 0.005 mg/L.

Best available technology — Granular activated carbon; packed tower aeration

Reference - 56 FR 3526 (01/30/91); 56 FR 30266 (07/01/91)

EPA Contact - Drinking Water Standards Division / OGWDW /
(202) 260-7575 / FTS 260-7575; or Safe Drinking Water Hotline / (800) 426-4791

_IV.B.3. SECONDARY MAXIMUM CONTAMINANT LEVEL (SMCL) for Drinking Water

Value - 0.04 mg/L (Proposed, 1989)

Considers technological or economic feasibility? - NO

Discussion - SMCLs are non-enforceable and establish limits for contaminants
which may affect the aesthetic qualities (e*g. taste and odor) of drinking
water. It is recommended that systems monitor for these contaminants every
three years. More frequent monitoring for contaminants such as pH, color, odor .

*hers may be appropriate under certain circumstances. The SGML for toluene
on odor detection. Promulgation deferred following public comment



- 54 FR 22062 (05/22/89); 56 FR 3526 (01/30/91)

EPAContact- Drinking Water Standards Division / OGWDW /
(202) 260-7575 / FTS 260-7575; or Safe Drinking Water Hotline / (800) 426-4791

_IV.B.4. REQUIRED MONITORING OF "UNREGULATED" CONTAMINANTS

No data available .

REPORTABLE QUANTITIES

Value (status) - 1000 pounds (Final, 1985)

Considers technological or economic feasibility? — NO

Discussion — The final RQ is based on aquatic toxicity, as established under
'on 311(bX4) of die Clean Water Act, ignitabflity, and chronic toxicity.

V̂ Jable data indicate that die aquatic 96-Hour Median Threshold Limit for
-oluene is between 10 and 100 ppm. Its closed-cup flash point is less than
100F and its boiling point is > 100F. RQ assignments based on chronic toxicity
reflect two primary attributes of the hazardous substance, the minimum
effective dose (MED) levels for chronic exposure (mg/day for a 70-kg person)
and the type of effect (liver necrosis, teratogenicity, etc). A composite
score is determined from an evaluation of these two attributes. Toluene was
determined to have a composite score between 6 and 20, corresponding to a
chronic toxicity RQ of 1000 pounds.

Reference - 50 FR 13456 (04/04/85); 54 FR 33418 (08/14/89)

EPA Contact- RCRA/Superfund Hotline
(800)424-9346 / (202)260-3000 / FTS 260-3000

RCRA REQUIREMENTS

Status - Listed

R-*rcnce - 52 FR 25942 (07/09/87)

-̂r/Contact - RCRA/Superfund Hotline
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9̂)424-9346 / (202)260-3000 / FTS 260-3000

TOXIC SUBSTANCES CONTROL ACT REQUIREMENTS

No data available

ORAL REFERENCE DOSE CUT (Chemical Industry Institute of Technology).
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DOSE Nawrot, P.S. and R.E. Staples. 1979. Embryo-fetal
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CE DOSE NTP (National Toxicology Program). 1989.
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__ 371. Research TWangle Park, NC.
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Arch. Ind. Health. 14: 387-398.
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Environ. Health. 9: 405-418.
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INHALATION REFERENCE DOSE Filley, C.M., R.K. Heaton and N.L. Rosenberg.
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__ abuse. Neurology. 40:532*534.
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DOSE Gibson, J.E. and J.F. Hardisty. 1983. Chronic

ICES toxicity and oncogenicity bioassay of inhaled
toluene in Fischer-344 rats. Fund. Appl. Toxicol.
3: 315-319.
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INHALATION REFERENCE DOSE Hudak, A. and G. Ungvary. 1978. Embryotoxic
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_ Toxicol. Teratol. 4(6): 695- 701.
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APPENDKD

EVALUATION OF TOTAL PETROLEUM HYDROCARBON (TPH)
EXPOSURE AND RISK

Total petroleum hydrocarbons (TPH) at the Potomac Yard Site have been determined to be
representative of diesel fuel and lubricating oil (ECS Report 1995). Diesel fiicl is a complex
mixture of hydrocarbons predominantly in the range of CIO to C24, with the majority of the
constituents peaking around C13 to CIS (Griest et al. 1987). The mixture is dominated by
straight chain, branched chain, and cyclic olefinic and aliphatic hydrocarbons, which can
comprise as much as 65 percent of the fuel (ORNL 1989). Aromatic hydrocarbons represent the
remaining 35 percent of the fuel (ORNL 1989). Of these aromatics, approximately 5 percent is
likely to be represented by substituted benzene derivatives, while the remainder would be
expected to consist of low molecular weight polycyclic aromatic hydrocarbons (PAHs) such as
naphthalene, fluorene and phenanthrene and their substituted analogs (Coleman et al. 1984,
Griest et al. 1987). Benzene itself is present at very low levels, making up approximately 0.005
percent of the mixture (average of 3 faels, Griest et al. 1987). However, discrete sampling and
analysis measurements were made for BTEX (benzene, toluene, ethylbenzene, and xylene)
compounds during the Site characterization activities. These compounds generally have only -'
been detected to a very limited extent at the Site and have not been identified as chemicals of
potential concern for the risk assessment (ECS Report 1995). High molecular weight PAHs are
also a minor component of diesel fuel (Griest et al. 1987). However, PAHs also have been
sampled and analyzed individually as part of the Site characterization activities, and have been
considered individually in the risk assessment Because BTEX compounds and high molecular
weight PAHs are evaluated individually in the risk assessment and comprise only a small
fraction of diesel fuel, these compounds are not evaluated as part of the TPH analysis.

Lubricating oils are complex mixtures of straight and branched paraffins, and naphthenic and
aromatic hydrocarbons containing C25 to C40 (or higher) hydrocarbons (ACGIH 1991, ORNL
1989, Spcight 1991). Hydrocarbons of this size and molecular weight are not likely to volatilize
to an appreciable extent In addition, although dose-response data are somewhat limited, the oral
and dermal toxicity of lubricating oils are generally considered to be of relatively low toxicity
(ACGIH 1991, Cavendcr 1994, ORNL 1989).- Furthermore, any of the more toxic components
that may be present at low concentrations in lubricating oils (e.g., aromatic compounds, high
molecular weight PAHs) have been sampled, analyzed, and evaluated individually. For these
reasons, inhalation and ingestion exposures to lubricating oils are not considered in the
evaluation of potential human health risks associated with exposure to TPH.

The relative proportions of diesel hydrocarbons and heavy hydrocarbons characteristic of
lubricating oils present in TPH at the Potomac Yard Site were derived through an analysis of the
chromatograms for the TPH samples. This analysis was carried out by RF&P's site
characterization/remediation contractor̂  EARTH TECH. Upon review of the sample
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chromatograms for the TPH analyses (CAL LUFT, 8015 Mod), several samples were identified
as hydrocarbons heavier than diesel fuel. The analytical method for characterizing these samples
as heavy hydrocarbons consistent with lubricating oils is based on both diesel fuel/lubricating oil
standards and principles of gas chromatography. More volatile compounds elute before less
volatile compounds on the gas cinematographic column used in the analysis of TPH in
environmental samples. Because volatility is generally a function of molecular size for these
organic compounds (i.e.» number of carbon atoms in the molecule), retention times for heavier
compounds are greater than they are for the lighter, more volatile compounds.

Diesel standards were analyzed to fingerprint the hydrocarbon range found in the samples. The
majority of the hydrocarbons found in the samples classified as being heavier than diesel elutcd
later than the diesel standards. Some peaks in the sample chromatograms were found at greater
retention times than any compound detected in the diesel standard, thus indicating a heavier
compound. The approximate percentages of diesel fuel present in the TPH samples (as distinct
from the heavier, lubricating oil fractions) were calculated by dividing the peak areas for
hydrocarbons found in the diesel range by the total peak areas for all hydrocarbons detected in
the samples. The approximate proportions of diesel hydrocarbons relative to TPH for each of the
Site areas are as follows: North Yard Tail and Central Operations • 100% diesel hydrocarbons,
North Yard • 20% diesel hydrocarbons. South Yard/South Tail • 10% diesel hydrocarbons,
Slaters Lane • 13% diesel hydrocarbons, and Potomac Greens • 50% diesel hydrocarbons.

Data on the transport and fate, and on the toxicity of noncombusted diesel fuel No. 2 are lacking.
However, TPH represents the primary class of volatile chemicals at the Potomac Yard Site.
Thus, selected scenarios for airborne exposure to TPH are evaluated in this risk assessment In
order to evaluate the potential exposures and risks at the Site, we have selected surrogate
chemicals to characterize the TPH mixture at the Site. The selection was made based upon a
combination of literature and site-specific sampling information. Surrogates were selected both
to depict the physico-chemical behavior of the mixture, and also to characterize toxicity. The
surrogates are discussed below in greater detail; their physico-chemical parameters are
summarized in Table B-l and their toxicity criteria are presented in Tables 3*1 and 3-2.

The class of aliphatic hydrocarbons or alkanes represents the largest overall chemical class (65
percent) in diesel fuel. This broad class encompasses chemicals with a wide range of physico-
chemical properties. For this reason, we have selected four surrogates to characterize this broad
group for TPH adsorbed to soil at Potomac Yard:

The alkanc, n-dodecane, was selected to characterize the C8 to C12 fraction of the alkane
mixture. This fraction is assumed to comprise 20.8 percent of the alkane content of diesel
fuel, an average across 6 different diesel fuels (Griest et al. 1987). This fraction is the
most volatile of the four considered, and thus will readily partition from soil into air, as
seen by the magnitude of its Henry's Law Constant This chemical group is not as likely
to partition from soil into groundwater as seen by the magnitude of its log K* and water
solubility.
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The second group of alkanes, the C13 to C16 fraction, is characterized by n-tetradecane.
This fraction represents the majority of alkanes in the four groups, or 45.5 percent These
chemicals are also very volatile and will readily partition into air. They are also unlikely
to partition readily into groundwater.

The alkane, n-octadecane, was selected to characterize the C17 to C19 fraction. This
third fraction comprises 25 percent of the alkane content of diesel fuel. This fraction is
much less volatile than the preceding two alkane groups. Chemicals in this fraction will
not likely partition into groundwater.

The fourth group of alkanes, .the C20 to C22 fraction, is characterized by n-eicosane.
This group comprises 8.7 percent of die alkane content of diesel fuel. This fraction is the
least volatile of the four considered It is also highly unlikely to partition into
groundwater.

Nonane was selected as the toxicological surrogate for the aliphatic hydrocarbons component of
TPR Toxicological data on the long chain alkanes that make up the bulk of this TPH
component class are limited. One of the few available regulatory criteria for a chemical that can
be considered broadly representative of this class is the American Conference of Governmental ;
Industrial Hygienists (ACGIHyOccupational Safety and Health Administration (OSHA) Time
Weighted Average (TWA) exposure limit for nonane* Both the ACGIH and OSHA have
established a workplace airborne exposure limit of 200 ppm (1050 mg/m3) for this compound
This criterion is based on historical workplace experience with the use of this compound and
similar compounds, and on the results of a subchronic inhalation study carried out with
laboratory rats. The subchronic study cited in the documentation used for the worker exposure
limit was used to calculate subchronic and chronic exposure criteria for nonane, as discussed
below. • * . '

A no-observed-adverse-effect level (NOAEL) of 590 ppm (3098 mg/m3) was identified in rats
exposed to nonane 6 hours/day, 5 days/week, for 65 days (Carpenter et al. 1978). This NOAEL
was adjusted to account for less than continuous exposure: (3098 mg/m3) x (6 hrs/24) x (5 days/7
days) =553 mg/m3. A daily inhalation rate of approximately 0.6 mVday was estimated for the
study animals (EPA 1986), giving an average daily intake of 948 mg/kg/day: (553 mg/m3 x 0.6
m3/dayy0.35 kg bw - 948 mg/kg/day. Uncertainty factors were applied to account for
extrapolation from animals to humans (10), sensitive individuals in the population (10), and the
limited database (3), to give a subchronic toxicity criterion of 3 mg/kg/day. An additional
uncertainty factor of 10 was applied to give a chronic criterion of 0.3 mg/kg/day. It was assumed
that nonane would have equivalent toxicity by both the inhalation and oral routes of expgsurc.

Low molecular weight PAHs, consisting of naphthalenes, phenanthrenes and fluorencs, can
represent 30 percent of the total diesel fuel mixture in soil. We have selected naphthalene as the
surrogate for this group. Low molecular weight PAHs typified by naphthalene will partition
readily into air from soil, and will also partition into groundwater. Research on the aqueous'
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partitioning of chemicals in diesel fuel indicate that this chemical class can represent up to 80
percent of the water-soluble fraction of diesel fuel because of its physical chemical properties
(Coleman et al. 1984). Fluorene was selected as the toxicological surrogate for the low
molecular weight PAH component of TPH. The selection was made based upon structural
relationships, and also upon the fact that a recently withdrawn RfD for naphthalene is identical to
the existing verifiedfluorene RfD.

Simple substituted aromatics comprise the third largest group (5 percent) in soil TPH.
Substituted benzenes such as tri- and di-methylbenzenes are most common. This chemical class
is the most volatile of all considered and will partition readily into groundwater. It can represent
up to 20 percent of the water-soluble fraction of diesel fuel. We selected o-xylene as the
physico-chemical surrogate for this group. Although BTEX has been infrequently detected at the
Site and the TPH mixture has been characterized as diesel rather than gasoline, (ECS Report
1995) xylenes have occasionally been detected and can be considered broadly representative of
the physico-chemical properties of this component of TPH, Toluene was selected as the
toxicological surrogate for the simple substituted aromatics component of TPH. Of the two
potential toxicological surrogates considered, xylenes and toluene, toluene has the lowest RfD,
and has validated inhalation and oral criteria, and was selected on this basis.

Subchronic and chronic criteria for the TPH mixture were calculated based on weighting the
criteria for the surrogate TPH components (i.e., nonane, fluorene, toluene) according to their -
fractional concentration (by weight):

Criterion for mixture /. /*

where
f = fractional concentration of component
C » toxicity criterion for component

In summary, six chemical surrogates representing three chemical classes were selected to
characterize the behavior of die TPH-diesel mixture in the environment: (1) aliphatic
hydrocarbons, comprising 65 percent of TPH and including n-dodecane, n-tetradecane,
n-octadecane, n-eicosane as representative surrogates; (2) low molecular weight PAHs,
comprising 30 percent of TPH and including naphthalene as a representative surrogate; and (3)
substituted aromatics comprising 5 percent of TPH and including o-xylene as a representative
surrogate. The surrogate compounds selected to represent the human health toxicity of these
three major classes are nonane, fluorene, and toluene, respectively. Exposure and risk to TPH at
the Site will be evaluated in terms of these surrogates.
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APPENDIX E

CHEMICAL SPECIATION OF ARSENIC AT
THE POTOMAC YARD SITE



INTRODUCTION

Arsenic is by far the most prevalent trace metal at the Potomac Yard Site. In the environment,
arsenic commonly exists in three stable oxidation states (-3, +3, +5) and in association with a
variety of ligands. Under aerobic conditions arsenic exists as an oxyanioo in the +3 or +5 state
(commonly known as arsenite and arsenate, respectively). These anions can complex with a
variety of cations to form complexes of varying degrees of stability. The toxicological,
environmental, and physicochemical properties of arsenic are heavily dependent on its chemical
form. The arsenic at the Potomac Yard Site is associated with the former use of coal cinders as
railyard ballast material. During the operation of a coal-fired locomotive, large amounts of ash
are produced in the form of cinders. These cinders are geotechnically stable and thus can be used
as subbase for a variety of applications in a railyard.

Coal consists of both a carbonaceous and mineral -fraction. When coal is burned, most of the
carbonaceous fraction is converted to carbon dioxide and water, leaving primarily the mineral
fraction as ash. The ash consists primarily of an aluminosilicate glass with small amounts of
macrocrystalline hematite (FejOj), magnetite (Fe3O4), a-quartz (SiO2) and other minerals
(Natusch 1978). In addition, numerous trace elements are naturally present in the coal and
persist in the ash (Mattigod et al. 1990). .Thus, the arsenic at Potomac Yard is a product of coal
combustion for railroad use. A search of the literature revealed no information on the
composition of cinder based ballast nor a complete characterization of the chemical speciation of
arsenic in coal ash! Due to this, RF&P commissioned a laboratory and theoretical arsenic
speciation study which was a collaborative effort among the V/EINBERG CONSULTING
GROUP Inc., Environmental Technology of North America, Inc., the University of Colorado
Department of Geological Sciences, and Peak Analytical Inc. The purpose of this paper is to
report and interpret the results of that study. .

METHODS

Ten samples of cinder-based ballast were obtained from the Potomac Yard Site according to the
protocols outlined in the Work Plan (ETI 1994). Sampling locations may be found in the Extent
of Contamination Study (ETI 1995). The material sampled was from the upper six inches of
ballast material and was identified as "black ballast" by an experienced sampler. The samples
were screened to remove particles of diameter greater than 250 microns. The rationale for
screening was that smaller particles are more important than larger particles in evaluating
environmental impacts due to their greater exposure and leaching potential. The 10 samples
became seven analytical samples, a duplicate, method spike, and method spike duplicate. The
pH of the samples was obtained using EPA method 9045. The solid samples were subjected to a
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leaching procedure. The leaching procedure involved adjusting the pH of an aqueous suspension
of the solid samples to 2 +/- 0.2 with dilute HC1 and agitating for 2 hours at 37° C. At the end of
the extraction period, the pH range of the samples was from 1.89 to 2.16. The samples were
filtered and retained for analysis. Analysis of digestate and leachate was conducted using ion
chromatography-inductively coupled plasma mass spectroscopy. Ion chromatography was
accomplished using 25nM NaOH/lOmM cyanophenol eluent at 1.0 ml/min on an Ion? AC ASII
column at 770 psi. The detector was a VG Plasmaquad PQ2 ICPMS using the standard
manufacturer's settings. A method spike and method spike duplicate were run with standard
arsenic acid. A method blank was also analyzed Leachate sample splits were also analyzed
using furnace atomic absorption (FAA) spectrometry according to EPA contract laboratory
program methods. Aliquots of the original samples were also subject to geochemical analysis
using electron microprobe analysis performed on a JEOL 8600 in the wavelength-dispersive
(WDSXRF) mode for both speciation and particle size. Validation was performed on the data. •
The laboratory blank was found to contain 8.1 ng/L As(V) and 1 1.4 ug/L As (III). Compared to
the samples, these concentrations are too low to be of concern. The relative percent difference
between the method spike and method spike duplicate was 44 percent using IC/ICPMS and
26 percent using FAA. The spike recoveries were uniformly low regardless of the analytical
method, ranging from -44 percent to -94.5 percent These results may be attributable to
heterogeneity of sample materials rather than a true loss of spiking material. The results for
leachate analyzed by ICPMS were approximately 4 times higher than the results obtained by
FAA. This may be due to loss of arsenic by volatilization during the process of preparing
samples for FAA analysis.

RESULTS

The results of the WDSXRF geochemical analysis are presented in Table E-l. From the
standpoint of the major minerals (FejOj, MhO, CaO, and P2O5), the material analyzed bears a
strong resemblance to coal ash collected from power utility operations. For samples from
throughout the United States, EPA (1980) reports Fê Oj ranges from 2-10 percent for anthracite
and 2-44 percent for bituminous ashes; CaO ranges from 0.2-4 percent for anthracite and
0.7-36 percent for bituminous ashes. For lead, the range of concentrations found in the samples
is compatible with that reported for coal ash (Eary et al. 1 990); however, arsenic is at the high
end of the coal ash range. There are statistically significant (p<0.05) relationships between
arsenic and both FejO3 and CaO. A multiple linear regression among all variables (except TlOj)
is able to account for 87 percent of the variability in arsenic, thus confirming the cinder based
ballast as the source of the arsenic at the site.

The results of the arsenic speciation analysis are shown in Table E-2. The majority of the arsenic
in the samples is associated with either an iron oxide or an iron silicate. Backscatter electron
photomicrographs of these two associations are shown in Figure E-l. The particles represented
in these photomicrographs show an iron oxide or silicate matrix with small amounts of arsenic
inclusions. Lesser amounts of arsenic associations with an iron sulfate and a manganese oxide
were also found. - .
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The particle size distribution for the material is found in Figure E-2. As can be seen, there is a
preponderance of small particles in the sample. The pH analysis of the material is shown in
Table E-3. There is a large amount of variation in pH, even within the triplicate sample which is
another indication of heterogeneity of the matrix. The acid .base activity of these samples is
probably dominated by iron hydrolysis and solution chemistry.

A typical ion chromatogram for the leachate analysis is shown in Figure E-3. Analysis of the
chromatograms revealed the absence of any peaks in addition to arsenate and arsenite. The
numerical results of the leaching analysis are shown in Table E-4. As these data show, the
leachable arsenic was overwhelmingly in the form of arsenate, with arsenite being found in only
one sample. The leachable arsenic was calculated as:

. . t ... (Concentration at At)A rnitatt (or arttnttc) » —————————————————*———————————=
(Dry tempi* wdgkt tatd for attraction) * (Votvmt of ttqxtd ntttt for tht extraction)

The percent leached was calculated by comparing the total leachable arsenic to the total arsenic
as measured by WDSXRF. The value for sample 1 was not calculated since it indicated that the
amount of arsenic leached was greater than the total arsenic in the sample. The reason for this
anomaly is not apparent. The arithmetic mean for the seven remaining samples was 3.7 percent
arsenic leached with a standard deviation of 4. 1 percent arsenic.

PISCUSSION

Coal fly ash consists of a semitransparent aluminosilicate glass with small amounts of
microcrystralline minerals including hematite (FcjOj), magnetite (Fe3O4), a-quartz (SiÔ  and
lime (CaO) (Natusch 1 978). Arsenic in coal has been found to associate with the mineral or
inorganic fraction of the coal (Gluskoter 1975) where it probably remains during combustion.
Since arsenic is a chalcophilic transition element, it may be associated with iron sulfides in coal
which are oxidized to iron oxides during combustion. Eary et al. (1990) note that volatile
chalcophiles such as arsenic are most likely to be associated with the glassy fraction following
combustion.

As can be readily seen from the above results, the chemistry of arsenic in the cinder based ballast
material is dominated by arsenic interactions with iron. Arsenic-iron mineralogy is extremely
complex (Robins 1988, Gonzalez and Monhemius 1988) and is represented by numerous natural
and synthetic ferro- and ferri-arsenates including oxides, silicates, and sulfates, none of which
precisely match the stoichiometries observed in the cinder based ballast material. This is likely
due to the amorphous nature of coal ash glasses and the likelihood that arsenic is associated with
the glassy matrix.
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When attempts are made at dissolving coal ash, the rate and extent of dissolution are limited by
the solubility of the matrix. Arsenic associated with sparingly soluble phases such as hematite
and silica glass will be released into solution only as fast as these matrix materials dissolve (Eary
et al. 1990). Silica glass is very slightly soluble in water, with an equilibrium constant for
aqueous dissolution of 2xlO*3 and a dissolution rate constant of 7x1 O*17 mol/ctn2 -sec (Bodek et
al. 1988). Thus, the rate and extent of arsenic leaching from the glassy matrix is anticipated to be
extremely slow. Arsenic adsorbed to the surface of the glassy particles will be released more
rapidly. The small amounts of arsenic released during the leaching experiment are indicative of
incorporation of arsenic into the matrix rather than surface adsorption. The ability of iron to
control the stability of arsenic is well known (Harris and Monette 1988), Gonzalez and
Monhemius 1988). These investigators found that Fe/As molar ratios >3:1 conferred a high
degree of stability on arsenates even at pH values less than neutrality. Much higher ratios were •
found at the Potomac Yard Site as seen in Table E-l. In neutral solution, the chemistry of
materials dissolving from the ballast is likely to be dominated by iron arsenates which are
generally of low solubility. FeAsO4, for example, has a Ksp of 5.7 x 10"21 which suggests that it
is not likely to contribute substantial amounts office arsenate ion to solution.

The cancer slope factor used to assess oral risks from inorganic arsenic exposure is based on an
epidemiologic study where the study group was exposed to aqueous inorganic arsenic. If a
population is potentially exposed to arsenic from another medium (e.g., soil, food), it is
necessary to account for the diminished bioavailability conferred on inorganic arsenic by its
association with the medium compared to water. EPA (1984) assumes a default value for
bioavailability from food of 80 percent This has also been used in risk assessments for exposure
to soil. In actual experimental work with soils, however, bioavailabilities have been found to be
much lower. Freeman et al. (1993) investigated the bioavailability of arsenic in smelter soil in
rabbits and found it to be approximately 30 percent Davis etal. (1992) found arsenic
bioavailabilities of 11 percent for soil using in vivo measurements in rabbits which were
confirmed by in vitro experiments. Recently, Schoof et al. (1995) found bioavailabilities at 20
percent and 28 percent for arsenic in soil and house dust based on bioassays using primates.

Bioavailability is a function of numerous factors, however, for solid materials, the dissolution
mass transfer coefficient and the surface area of the solid are most important (Rowland and Tozer
1989). Dissolution mass transfer will be partially dependent on die ability of a chemical species
to be released from the matrix and to diffuse into stomach fluid. The primary factors that govern
release of arsenic from an inorganic matrix are pH, time, and temperature. Davis et al. (1992)
found that dissolution kinetics were limiting for the extent of dissolution of arsenic from
enargite. The conditions of the leaching experiment were designed to mimic physiologic pH of
the stomach and body temperature and over-estimate stomach retention time. Davis et al. (1992)
found that sodium arsenate was substantially more soluble at stomach pH (pH - 2) than at
intestinal pH (pH - 7). Thus, the percent released in the experiment will yield a reasonable, albeit
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conservative, estimate of bioavailability. The maximum value for percent released was
10 percent, thus a conservative estimate of oral bioavailability would also be 10 percent

In addition to predicting bioavailability, the geochemical analysis reported in this study also
shows that the potential for environmental mobility of arsenic from the cinder-based ballast
material is extremely low. This has been confirmed by chemical analyses performed in site
groundwater that show arsenic not to have entered the groundwater system to any appreciable
extent (ETI 1995).

Last, the feet that the arsenic is overwhelmingly in the form of arsenate is significant to the
ecological toxicology of arsenic. EPA (1980) notes that arsenate is substantially less toxic than
arsenite to aquatic life. Eisler (1988) concludes that pentavalent arsenic is less toxic in general
than trivalent arsenic.

CONCLUSIONS

A detailed chemical analytical study of arsenic contained in cinder based ballast at the Potomac
Yard Site indicates that most of the arsenic is in the form of arsenate which is strongly bound in a
glassy amorphous matrix from coal combustion. The average percent leached from this matrix .
under conditions that mimic the inorganic chemistry of the human stomach was 3.7 percent To
account for uncertainty in the analysis, a mammalian oral bioavailability of 10 percent is
recommended for use in ecological and human health risk assessments.
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FIGURE 1

Backscatter photomicrograph of Fe-As Silicate,

Backscatter photomicrograph of Fe-As Oxide.



FIGURE 2
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TABLE E-l

WDSXRF ANALYSES

Sample No.

1
_- — - ——

2
_ ——————

2D
_ —— — ——

2T
. —— • ———

3
—— — ———

4
- — • — ——

5
6
7

3D

Fe,O,%
6.89

4.69

7.42

8,79

5.30

11.71

14.56

1521

21.33

5.53

MnO%
0.07

0.03

0.04

0.02

0.05

0.23

0.04

0.12

0.15

0.05

CaO%

2.02

0.88

0.97

1.17

8.76

4.7

1.25

1.24

1.99

8.53

P,0,%
0.15

0.19

0.18

0.22

0.12

0.31

0.31

0.37

0.91

0.12

Pbppm

405

253

242

296

83

468

162

357

396

74

As ppm

23

998

1,000

1,300

43

741

1,600

1,700

1,400

50

TiO,%

ND

ND

1

2

ND

5

2

ND

ND

ND

—̂S D-Duplicate aliquots.
T » Triplicate aliquots.
ND* Not detected
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TABLE E-2

ARSENIC SPECIATION

Sample No.

2
2D
2T
4

5

6
7

Fe-As
Oxide
84%

47%

73%

69%

92%

66%

89%

Clays
ND

11%
3%
1%
1%

ND
2%

Fe-As
Silicate

14%

40%

20%

24%

5%

29%

4%

Fe-As
Sulfate
2%
1%
1%
Trace
Trace

ND
4%

Mn-As
Oxide

ND
ND
ND .
ND
ND

4%
ND

ND = Not detected.
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TABLE E-3

pH MEASUREMENTS BY METHOD 9045

Sample ID
N-8.5E
N-15B
S16A

M20AMS

S31A

N2BDup

N20A

N20AMSD

N2B

SGB

pHCaCI,

6.882
7.152
6.440
7.500
7.438

6.977

5.708

5.433

7.034

6.480
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TABLE E-4

LEACHATE ANALYSIS BY IC/ICPMS

Sample
No.

1
2
3
4

5

6
7

3D

AS (my
as Arsenite
(l»g/L)
<150
< 150

<7.5
174

< 150

<150

<150

<7.5

As(V)
as Arsenate
G«g/L)
1,890
5,660
<5

863

3,990

275

9.170

18.9 (a)

Leachable
. As(m)

(mg/kg)
<2.31
<2.31
<0.11
2.7

<2.30
<2.34

<2.28
<0.11

Leachable
As(V)
(mg/kg)
29.11
87.16

<0.07

13.38
61.05

4.29

139.4

0.26 (a)

Percent
Leached

(b)
8.7%
<0.2%

2.2%

3.8%
0.2%
10.0%

0.5%

(a) Blank contamination was noted with this sample.
\ y (b) Not calculated due to failure of mass balance.
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APPENDIX F

UNCERTAINTIES IN ARSENIC EPmEMIOLOGY, TOXICOLOGY,
AND DOSE-RESPONSE
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APPENDIX F- , ' - - , . . • . ,' • '
UNCERTAINTIES IN ARSENIC EPIDEMIOLOGY, TOXICOLOGY,

, AND DOSE-RESPONSE

Although the toxicity of arsenic has long been recognized, a substantial amount of uncertainty
exists regarding the strength of the association between arsenic exposure and human cancer.
Most of this uncertainty involves questions concerning the representativeness of the cohorts that
form the basis of EPA's oral and inhalation slope factors, the effects of arsenic speciation and
bioavailability, and the existence of a threshold for effects associated with oral exposure. A
comprehensive analysis of the data collected to date suggests that EPA's cancer slope factor for
inhalation exposure to arsenic is over-estimated by a factor of three and may not be relevant to
the arsenic species present at Potomac Yard. The mechanism for development of cancer as a
result of oral exposure is strongly suggestive of a threshold. Potential doses associated with
exposure to arsenic at Potomac Yard may not exceed this threshold. The remainder of this
section will present a detailed analysis of each of these issues.

EPA's inhalation cancer slope factor for arsenic is based on two studies of workers who were
exposed to copper'smelter dust containing arsenic. One of these studies, the Anaconda Smelter
Study, has been criticized due to the lack of collection of smoking histories and possible
confounding with sulfur dioxide, for which a positive exposure-response relationship with
respiratory cancer was also found (Zingaro 1993). The other study was based oh worker data
collected at the Tacoma, Washington smelter. The exposure data which were used in this study
have been revised; however, EPA has not incorporated the revised data into a re-evaluation of the
slope factor (EPRI1995).

Recently, a comprehensive re-evaluation has been undertaken of cancer associated with airborne
arsenic (Gratt et al. 1993, Viren and Silvers 1994). These authors incorporated the updated
exposure data from the Tacoma study and the results of a new study on 3619 Swedish smelter
workers whose exposure had been similar to that of the two U.S. cohorts. The methods used by
these researchers included an absolute risk model analogous to that used by EPA. Their results
show that the unit risk associated with the Swedish cohort is five times lower than the value used
by EPA. When the data from all three cohorts are pooled, the geometric mean unit risk is three
times lower than EPA's unit risk. Based on this analysis of recent data, risks estimated at the
Potomac Yard Site for arsenic inhalation using EPA's slope factor will be over-estimated by a
factor of three. . • _ , ' •

There are several additional questions remaining about inhalation Carcinogenicity of arsenic at
Potomac Yard. First is the question of whether the arsenic species in cinder based ballast is the
same as in copper smelter associated arsenic. Analysis of the cinder-based ballast obtained from

'•" , .- ••' ' " F-I • = . '•' .''.
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Potomac Yard shows that the arsenic is present as As(V), whereas smelter arsenic is present as
As(III) (Gratt et al. 1993). Since As(III) is generally recognized as more toxic than As(V)
(Morton and Dunnette 1994), this could lead to a further over-estimation of cancer risk
associated with arsenic inhalation at the Potomac Yard Site. The second question concerns .
bioavailability of inhaled arsenic. EPRJ (1995) has found that copper smelter arsenic is more
bioavailable than coal fly ash arsenic due to greater lung retention for copper smelter arsenic.
Due to the similarities between cinder-based ballast and coal ash, it is likely that the
bioavailability of arsenic at Potomac Yard is also over-estimated by the application of EPA's unit
risk. Lastly, there are questions about linearities in the dose-response curve for arsenic and the
presence of a threshold. This will be covered in greater detail in the subsequent section.'

. ' / - : • , •/ " • _ • • , ' .-
ORAL CARCINOGENICITY OF ARSENIC

Most of the uncertainty surrounding oral exposure to arsenic and human cancer is associated
with the extrapolation of cancer risk from high- to low-level exposures. This uncertainty
concerns arguments for the existence of a "threshold" or inflection point in exposure below
which risks deviate substantially from traditional linear models. At levels of exposure below the
threshold, compensatory mechanisms are believed to detoxify inorganic arsenic and protect an
exposed individual from cancer development. Thus, arsenic would behave in a manner similar to
a typical threshold noncarcinogen. Below the threshold, it is unlikely that adverse effects would
occur; above the threshold, the probability of an effect would be proportional to the dose.
Currently, three lines of evidence support the existence of such an inflection point: metabolic
data, human epidemiologic data, and mechanistic data. The available evidence indicates that
potential arsenic doses from the Potomac Yard Site are below the threshold and not likely to be
of carcinogenic significance.

With respect to the metabolic data, both human and animal studies indicate that the .
detoxification of trivalent inorganic arsenic by methylation to mono- and dimethylarsenic acid is
a saturable process. In mice, the distribution of arsenic metabolites in the urine has been shown
to shift with increasing oral doses of inorganic arsenic indicating a saturation of methylating
capacity (Hughes et al. 1993). At high exposures (>500 ug arsenic/kg), decreases in urinary
mono- and dimethylarsenic acid were observed while urinary excretion of trivalent arsenic
increased. In humans, methylation of arsenic is less efficient (Vahter and Marafante 1985) and
evidence of saturation of methylation has been observed at lower doses. At doses greater .than
250 \ig arsenic/day, increases in the urinary excretion of inorganic arsenic and decreases in the
excretion of methylated forms of arsenic were observed in human subjects (Buchet et al. 1981).
Similarly, blood levels of inorganic arsenic were observed to remain stable in persons residing in
communities with drinking water concentrations of arsenic between 6 and 100 jig/L, but to
increase dramatically in persons residing in communities with drinking water concentrations
greater than 100 (ig/L (assuming consumption of 2 L/day, this is equivalent to a daily dose
>200 jig/day) (Valentine etal. 1979).

F-2
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Decreases in the methylation of trivalent arsenic are significant because unmethylated arsenic is
excreted more slowly than the methylated forms, allowing increased distribution to tissues such . .
as the skin, hair, and upper gastrointestinal tract (Vahter 1983). Unmethylated arsenic is also
markedly more genotoxic than mono- or dimethylarsenic acid. In the mouse lymphoma assay,
chromosomal aberrations were induced by concentrations of sodium arsenate and sodium
arsenite that were approximately 1,000-fold lower than those required of mono- or
dimethylarsenic acid (Moore et al. 1994). Thus, elevation of inorganic arsenic in tissues through
inhibition of its detoxification via methylation increases the potential for genotoxic damage and.
development of carcinogenic lesions. In other words, as long as the methylation capabilities are
not saturated, it is not likely that the toxicity threshold would be reached.

•. j
Support for a threshold for arsenic toxicity is also provided by the epidemiologic studies of
populations exposed to inorganic arsenic in drinking water. Increases in the incidence of
nonmelanoma skin cancer have only been observed in populations consuming inorganic arsenic
at doses of 500 jig/day and above. In the largest of the epidemiologic studies, nonmelanoma skin
cancer incidence increased with dose of arsenic (Tseng et al. 1968, Tseng 1977). At the lowest
level of exposure in this study (an average of 17&|ig/L; 765 pg/day, assuming consumption of
4.5 L/day) increases in the incidence of skin cancer were observed, A study of Mexicans
exposed to arsenic in the drinking water (average of 410 jig/L; 1,025-1,435 jig/day, assuming . ,
consumption of 2.5-3.5 L/day) also showed significant increases in skin lesions consistent with
nonmelanoma skin cancer (Cebrian et al. 1983). A third study of Chileans exposed to as
average drinking water concentration of 600 ng/L (1,200 ng/day, assuming consumption of 2 /
L/day) also demonstrated a marked decrease in skin lesions, including squamous cell carcinoma _ \)
incidence when arsenic levels in the drinking water were reduced to 80 jig/L (Zaldivar 1974). In _
contrast, studies of populations exposed to <500 tig/day (between approximately 10 and 250
Ug/L) have not shown increases in skin cancer incidence (Southwick et al. 1983, Harrington et al.
1978, Morton et al. 1976, Wong et al. 1988). Two very recent epidemiologic studies involving
internal cancers support the threshold hypothesis.. Chiou et al. (1995) followed a Taiwanese ' '
cohort that included 263 patients with blackfoot disease compared to 2293 healthy patients
residing in the same geographic area. These investigators found a lack of statistical significance
for a dose-response relationship between arsenic and cancersr of all sites, lung cancer, and bladder
cancer until cumulative exposures of 20,000 ng/L x year were reached. Tsuda et aL (1995)
studied a Japanese cohort exposed to arsenic in well water and found a lack of statistical
significance for a dose response relationship for mortality, all cancers, lung cancer, urinary
cancer, liver cancer, uterine cancer, and colon cancer until aqueous arsenic concentrations of .
>l,OOOpg/L were reached in the exposed population. Colon cancer was not significantly
associated with arsenic exposure at the highest levels. :

Finally, irrespective of the presence of a metabolic detoxification pathway for inorganic arsenic,
mechanistic evidence is accumulating which indicates that inorganic arsenic produces its
genotoxic damage by indirect means rather than directly interacting with cellular DNA (Mass
1992). For example, inorganic arsenic does not induce gene mutations but rather causes
chromosomal changes such as increases in sister chromatid exchange or chromosomal ,s
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aberrations (Jacobson-Kram and Montalbano 1985). Evidence suggests that these chromosomal
effects are due to inhibition by arsenic of DNA repair mechanisms (Goldman and Dacre 1991)
either by directly inhibiting the enzymes involved in DNA excision and/or ligation (Rossman
1981; Dong and Luo 1993; Yager and Wiehcke 1993) or by altering cells' redox status such that;
glutathione is depleted (Huang et al. 1993) and/or damage produced by oxygen free radicals is
increased (Nordenson and Beckman 1991). Arsenic has also been suggested to induce gene
amplification (Lee et al. 1988) and to increase the number of altered or activated oncogenes
during the late stages of carcinogenesis. The amplification could also occur indirectly through
inhibition of DNA synthesis and subsequent over-replication. Although the precise mechanism
underlying arsenic's role in carcinogenesis has not been established, the indirect mechanisms that
have been proposed are consistent with mechanisms for which thresholds exist. Inhibition of
DNA repair or synthetic enzymes would not be expected to be effective until a critical amount of
the available enzyme had been affected. Similarly, cells would be expected to have some
reserve of reducing substances such as glutathione that would need to be depleted before
glutathione-dependent process would be affected or damage produced by oxygen free radicals
would be potentiated.

A further line of evidence that supports the threshold concept for arsenic exposure comes from
data regarding the nutritional essentiality of ingested arsenic (EPA 1988). These data suggest
that the necessary dietary intake for humans was approximately 25-50 fig/day supported by data
from four mammalian species.. It would be biologically implausible for toxicity to be associated
with doses of arsenic required to maintain proper nutrition.

Thus, significant evidence exists supporting the existence of a threshold for arsenic-induced
Carcinogenicity. Metabolic data indicate that doses of inorganic arsenic at or below
200-250 (ig/day may be effectively detoxified. Such a threshold is supported by epidemiologic
data indicating that arsenic-induced toxicity is not evident at exposure levels below 500 Ug/day.
Mechanistic data also support the existence of a threshold for Carcinogenicity. Considering the
bioavailability of arsenic at the Potomac Yard Site and a high end value for soil ingestion (200
mg/day), an individual would need to be exposed to arsenic soil concentrations at Potomac Yard
in excess of 2,000 mg/kg arsenic before there was an elevated cancer risk, using the most
conservative threshold noted above. Using the epidemiologic data, this value could be as high as
25,000mg/kg. ' .

CONCLUSIONS

An analysis of uncertainties associated with the epidemiology and dose-response relationships
between exposure to arsenic and cancer indicates that arsenic risks calculated using cancer slope
factors available from IRIS are highly over-estimated. Given these uncertainties, it is pnlikely,
on the basis of intrinsic hazard alone, that any significant risk would be associated with exposure
to arsenic at the 'site, regardless of exposure patterns and behavior.
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APPENDIX G

CHEMICALS REMOVED FROM THE ECOLOGICAL ASSESSMENT
DUE TO ELEVATED DETECTION LIMITS
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Potomac Yards, South Yard/South Tail Area Only. Soil Data for 0 to 3 feet.
Samples Removed From Further Processing Due to 1/2 Detection Limits > Maximum Hit

Data Stored in ELVDLS.DB Table. Report Printed from ELVDLS.RSL
Thursday. February 02.1995 , Pagel

Compound
2,4-Dinitrophenol
2,4-Dinrtrophenol
2.4-Dinitrophenol
2,4-Dinitrophenol
2,4-Dinitrophenol
2,4-Dinitrophenol
2,4-Dinitrophenol
2,4-Dinitrophenol
2,4-Dinitrophenol
2,4-Dinitropheno!
2,4-Dinitrophenol
2,4-Dinitrophenol v •
2.4-Dinitrophenol
2,4-Dinitropheno!
2,4-Dinitrophenol . .
2,4-Dinitrophenol
2,4-Dinitrophenol
2,4-Dinitrophenol
2,4-Dinitrophenol
2.4-Dinitrophenol /
2,4-Dinitrophenol
2,4-Dinrtrophenol
2,4-Dinitrophenol
2,4-Dinitrophenor
2-Butanone • •
2-Butanone
2-Butanone
2-Butanone
2-Butanone
2-Butanone
2-Butanone
2-Butanone *
2-Butanone
2-Butanone '
2-Butanone
2-Butanone ,
2-Butanone
2-Butanone
2-Butanone
2-Butanone
2-Butanone -
2-Butanone
2-Butanone ,
2-Butanone -
2-Butanone ;
2-Butanone
2-Butanone .
2-Butanone
2-Butanone
2-Butanone
2-Hexanone ' *
2-Hexanone
2-Hexanone : . : '
2-Hexanohe
!-Hexanone
!-Hexanone
!-Hexanone
!-Hexanone
:-Hexanone
2-Hexanone

Sample
GW-59-B
GW-60-B
S10A-B
S10C-B
S11C-B
S13A-B
S13D-B '
S15AA.5-B
S15B-B
S16A-B
S16D-B ,
S17AA.80-B
S18AA-B
S20BB.5-B
S22A'.5-B
S25A*.25-B
S5C-B
S5F-B
S6B-B
S7A-B
S7F-B
S8C-B
S9B-B
S9E-B
GW-59-B
GW-60-B
S10A-B
S10C-B
S11C-B
S11E-B
S12B-B
S13A-B
S13D-B
S15AA.5-B
S16A-B
S16D-B
S17AA.80-B
S17C-B
S18AA-B
S19BB.5-B
S20BB.5-B :
S22A'.5-B
S25A'.25-B
S5C-B
S5F-B
S7Â B
S7F-B
S8C-B
S9B-B
S9E-B
3W-59-B
6W-60-B
S10A-B
S10C-B
S11C-B
S12B-B
S13A-B .
S13D-B
S15AA.5-B
S15B-B

Value
1,000.00
930.00

.-• 1,600.00
1,800.00
1,800.00
1,600.00
900.00

1,900,00
984.00

1,900.00
880.00
944.00
960.00

1.900.00
1,100.00
1,100.00
1.700.00
1.800.00
4.704.00
1.600.00
1,800.00
1.800.00
960.00

1,800.00
120.00
110.00
11.00
11.00
11.00
14.00
10.00
12.00
11,00
12.00
12.00
11.00
12.00
11.00
12.00
12.00
12.00
140.00
130.00
100.00
11XX)
11.00
11.00
110.00
12.00
11.00
62.00
57.00
11.00
11.00
11.00
10.00
12.00
11.00
12.00
11.00

Units
UG/K3
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KGUG/KG;
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KGUG/KG
UG/KG
UG/KG
UG/KG
UG/KG*
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG

Qa/qc
U
U
U
Uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu .uuuuuuuuu

WHIPQual
uuuuuuu .uuuu
u /uuuuuuu •uuuuuuuuuuuuuuuuuuu
U 'uuuuuuu
U 'uuuuuuuuuuuuu
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Potomac Yards, South Yard/South Tail Area Onry. Soil Data for 0 to 3 feet
Samples Removed From Further Processing Due to 1/2 Detection Limits > Maximum Hit.

Data Stored in ELVDLS.DB Table. Report Printed from ELVDLS.RSL
Thursday, February02,1995 -" ; Page2

ICompound | \ Sample
2-Hexanone ,
2-Hexanone
2-Hexanone
2-Hexanone '
2-Hexanone
2-Hexanone
2-Hexanone
2-Hexanone
2-Hexanone
2-Hexahone
2-Hexanone
2-Hexanone
2-Hexanone
2-Hexanone
2-Hexanone
2-Hexanone
4.4-DDD
4.4-DDD * . • '
4,4-DDD
4,4-DDD
4,4-DDD
4,4-DDD
4,4-DDE
4.4-DDE
4,4-DDE
4,4-DDE
4,4-DDE
9H-Carbazole .
9H-Carbazo!e
9H-Carbazote
Acenaphthena
Acenaphthene
Acenaphthene
Acenaphthene ,
Acenaphthene
Acenaphthene
Acenaphthene
Acenaphthene
Acenaphthene
Acenaphthene
Acenaphthene
Acenaphthene
Acenaphthene
Acenaphthene
Acenaphthene
Acenaphthene
Acenaphthene '
Acenaphthene
Acenaphthene
Acenaphthene •
Acenaphthene
Acenaphthene .
Acenaphthene
Acenaphthene .
Acenaphthene
Acenaphthene
Acenaphthylene
Acenaphthylene
Acetone : ;
Acetone ,
Acetone •

S16A-B
S16D-B
S17AA.80-B
S17C-B
S19BB.5-B
S20BB.5-B
S22A'.5-B
S25A'.25-B
S5C-B
S5F-B
S6B-B
S7ArB
S7F-B
S8C-B
S9B-B
S9E-B
S13A-B
S13D-B
S15AA.5-3
S16A-B
S20BB.5-B
S7A-B
S13A-B
S13D-B
S15AA.5-B
S16A-B
S20BB.5-3
GW-59-B
S22A'.5-B
S25A'.25-B
GW-59-B
S10A-B
S10C-B
S11C-B
S12B-B
S13A-B
S13D-B
S15AA.5-B
S15B-B
S16A-B
S16D-B
S17AA.80-B
S17C-B
S18AA-B
S19BB.5-B
S22A'.5-B
S25A'.25-B
S2SA'.75-B
S5C-B
S5F-B
S6B-B
S7A-B
S7F-B
S8C-B
S9B-B
S9E-3
S12B-3
S6B-8
GW-59-B
GW-60-3
S11E-B

Value 1 Units i Qa/qc
12.00
11.00
12.00
11.00
12.00
12.00
68.00
65.00
52.00
11.00
11.00
11.00
11.00
54.00
12.00
11.00
190.00
180.00
190.00
190.00
190.00
90.00
190.00
180.00
190.00
190.00
190.00
410.00
450.00
420.00
410.00
330.00
750.00
740.00

1,900.00
330.00
370.00
780.00
406.00
790.00
363.00
389.00
363.00
396.00
396.00
350.00
390.00
400.00
340.00
350.00

1.940.00
330.00
360.00

; 360.00
396.00
370.00

1.900.00
1,940.00
120.00
110.00
77.00

UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG

U
Uuuuuuuuuuuuuuuuuuuuuuuuuuuuuu.uuuuuuuuuuuuuuuuuuuuuuuuuuuuuu

WHIPQuaJ
uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu
U juuuuuuuuuuuuuuuuuuu

.ftfti05587



T"1

Potomac Yards, South Yard/South fail Area Only. Soil Data for 0 to 3 feet.
Samples Removed From Further Processing Due to 1/2 Detection Limits > Maximum Hit.

x Data Stored in ELVDLS.DB Table. Report Printed from ELVDLS.RSL
Thursday, February 02.1995 f Page3

Compound
Acetone
Acetone
Acetone
Acetone
Acetone
Acetone
Acetone
Acetone
Anthracene
Bis 1 2-ethylhexyl
Bis < 2-ethylhexyl
Bis 1 2-ethylhexyl
Bisi2-ethylhexyf
Bis 1 2-ethylhexyl
Bisi2-ethylhexyl.
Bis (2-ethylhexyi;
Bis 2-ethylhexyl
Bis 2-ethylhexyi;

," ' • ' •
.• ' - '

i phthalate
i phthalate
i phthalate
phthalate
phthalate
phthalate
phthalate
phthalate
phthalate

Bis 2-ethylhexyl) phthalate
Bis 2-ethylhexyl) phthalate
Bis 2-ethylhexyl) phthalate
Bis 2-ethylhexyl) phthalate
Bis 2-ethylhexyl) phthalate
Bis 2-ethylhexyl) phthalate
Bis 1 2-ethylhexyl) phthalate
Bis (2-ethylhexyl) phthalate
Bis (2-ethylhexyl) phthalate
Bis (2-ethylhexyl) phthalate
Chlordane
Chlordane
Chlordane
Chlordane
Chlordane
Chlordane
Chlordane
Chlordane
Chlordane
Chlordane
Chlordane
Chlordane
Chlordane
Chlordane
Chlordane
Chlordane
Chlordane
Chlordane
Chloroform
Chloroform
Chloroform
Chloroform
Chloroform
Chloroform
Chloroform
Chloroform
Chloroform
Chloroform
Chloroform
!hloroform
Chloroform
Chloroform
Chloroform

"
.
t - .

•

•

•

,

f .' '

- •

Sample
S12B-B
S17AA.80-B
S22A'.5-B
S25A'.25-B
S5C-B
S5F-B
S7F-B
S9E-B
S6B-B
GW-59-B
S10A-B
S10C-B
S11C-B
S11E-B
S12B-B
S13A-B
S13D-B
S15AA.5-B
S16A-B
S18AA-B
S19BB.5-B
S22A'.5-B
S28A'.75-B
S5F-B
S6B-B
S7A-B
S7F-B
S9E-B
S10A-B
S10OB
S11C-B
S12B-B
S13A-B
S13D-B ;
S15AA.5-B
S15B-B
S16A-B
S16D-B
S17AA.80-B
S17C-B
S18AA-B
S19BB.5-B
S20BB.5-B
S6B-B
S7A-B
S9B-B
GW-59-B
GW-60-B
S10A-B
S10C-B
S11C-B
S11E-B
S12B-B
S13A-B
S13D-B
S15AA.5-B
S15B-B
S16A-B
S16D-B
S17AA.80-B
S17C-B

Value
41.00
30.00
140.00

• " • < 130.00
lOOiOO
96.00
37.00
87.00

1,940.00
410.00
310.00
750.00
740.00
260.00

1.900.00
470.00
370.00
780.00
790.00
470.00
396.00
310.00

1,300.00
350.00

1,940.00
160.00
360.00
270.00
18.00
18.40
18.00
192.00
186.00

1,889.00
186.00
192.00
190.00
176.00
188.00
176.00
188.00
192.00
190.00
192.00
90.00
192.00
6.20
5.70
6.00
6.00
6.00
7.00
5.00
6.00
6.00
6.00
6.00
6.00
5.00

- 6,00
6.00

Units
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG-
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG

Qa/qc
U
U
U
U
U
U
Uuuu
UB
U
U
UB
U
UB
U
U
U
UB
U
UB
UB
U
U
UB
U
UB
U
U
U
U
U
U
Uuuuuuuuuu ,uuuuuuuuuuuuuuuuu

WHIPQual
U
U
U
U
U
Uuuuuuuuuuuuuuuuuuuuuuuuuuuu
U ;uuuuuuuuuuuuuuuuuuuuuuuuuuu



Potomac Yards. South Yard/South Tail Area Only, Soil Data for 0 to 3 feet
Samples Removed From Further Processing Due to 1/2 Detection Limits > Maximum Hit

Data Stored in ELVDLS.DB Table. Report Printed from ELVDLS.RSL
Thursday, February 02,1995 , Page 4

Compound
Chloroform
Chloroform
Chloroform
Chloroform
Chloroform
Chloroform
Chloroform
Chloroform
Chloroform
Chloroform
Chloroform
Dieldrin
Dieldrin
Dieldrin
Dieldrin
Dieldrin
Dieldrin
Endosuifan I
Endosuifan [
Endosuifan 1 .
Endosuifan 1
Endosuifan 1
Endosuifan 1
Endosuifan II
Endosuifan II
Endosuifan II
Endosurfanll
Endosuifan II
Endosuifan II
Endosuifan sulfate
Endosuifan sutfate
Endosuifan sulfate , '
Endosuifan sulfate
Endosuifan sulfate ,
Endosuifan sulfate
Endosuifan sulfate
Endosuifan sulfate
Endosuifan sulfate
Endosuifan sulfate
Endosuifan sulfate
Endosuifan sulfate
Endosuifan sulfate ,
Endosuifan sulfate
Endosuifan sulfate •
Endosuifan sutfate
Endosuifan sulfate
Endosuifan sulfate
Endrin
Endrin
Endrin
Endrin
Endrin
Endrin
•ndrin
indrin '
Endrin ;
Endrin ; " . ,
•ndrin
Endrin
•ndrin
Endrin

Sample
S18AA-B
S19BB.5-B
S20BB.5-3
S22A'.5-B
S25A'.25-B
S5F-B
S6B-3
S7A-B
S7F-B
S9B-B
S9E-B
S13A-B
S13D-B
S15AA.5-3
S16A-3
S20BB.5-B
S7A-B
S13A-B
S13D-B
S15AA.5-B
S16A-B
S20BB.5-B
S7A-B
S13A-B
S13D-B
S15AA.5-B
S16A-B
S20B3.5-3
S7A-B
S10A-8
S10C-B
S11C-B
S123-3
S13A-3
S13D-B
S15AA.5-8
S15B-B
S16A-8
S16D-B
S17AA.80-B
S17C-B
S18AA-8
S19BB.5-B
S20B3.5-3
S63-8
S7A-3
S9B-B
S10A-B
S10C-8
S11C-B
S11E-B
S123-8
S13A-8
S13D-B
S15AA.5-B
S158-3
S16A-B
S16D-3
S17AA.80-3
S17C-8
S18AA-B

Value
6.00
6.00
6.00
6.80
6.50
5.00
6.00
6.00
6.00
6.00
6.00

190.00
180.00
190.00
190.00
190.00
90.00
93.00
89.00
93.00
95.00
95.00
45.00
190.00
180.00
190.00
190.00
190.00
90.00
18.00
18.00
18.00
19.20
190.00
180.00
190.00
19.20
190.00
18.00
19.00
18.00
19.00
19.00
190.00
19.20
90.00
19.20
18.00
13.00
18.00
4.60

19.20
190.00
180.00
190.00
19.20
190.00
18.00
19.00
18.00
19.00

Units
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KGUG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG.
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG

Qa/qc
U
U
Uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu

WHIPQua!
uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu
U ;uuuuuuu
Buuuuuuuuuu

&R105589



Potomac Yards, South Yard/South Tail Area Only. Soil Data for 0 to 3 feet
Samples Removed From Further Processing Due to 1/2 Detection Limits > Maximum Hit

Data Stored in ELVDLS.DB Table. Report Printed from ELVDLS.RSL ,
Thursday; February 02,1995 ' Page 5

Compound '
Endrin
Endrin t
Endrin
Endrin
Endrin
Endrin
Endrin
Endrin - '
Methoxychlor
Methoxychlor
Methoxychlor
Methoxychlor
Methoxychlor •' , ' .
Methoxychlor
Methoxychlor
Methoxychlor .
Methoxychlor
Methoxychlor
Methoxychlor
Methoxychlor
Methoxychlor
Methoxychlor
Methoxychlor
Methoxychlor
Methoxychlor
Methoxychlor
Methoxychlor
Methoxychlor
Methoxychlor
Methoxychlor . .
Methylene chloride
rtethytene chloride '
Methylene chloride
Methylene chloride /
tfethytene chloride
Methylene chloride
Methylene chloride
Methylene chloride
rtethyfene chloride
Methylene chloride
Methylene chloride .
PCB 1260 .
rhallium
rhallium
Thallium
rhallium
rhallium
Thallium
alpha-Chlordane
alpha-Chlordane
atpha-Chlordane
alpha-Chlordane
alpha-Chlordane
alpha-Chlordane
alpha-Chlordane
atpha-Chlordane
alpha-Chlordane ,
atpha-Chlordane
atpha-Chlordane
atpha-Chlordane .
alpha-Chlordane

Sample
S19BB.5-B
S20BB.5-B
S5F-B
S6B-B
S7A-B
S7F-B
S9B-B
S9E-B
S10A-B
S10C-B
S11C-B
S11E-B
S12B-B
S13A-B
S13D-B
S15AA.5-B
S15B-B
S16A-B
S16D-B
S17AA.60-B
S17C-B
S18AA-B
S19BB.5-B
S20BB.5-B
S5F-B
S6B-B
S7A-B
S7F-B
S9B-B
S9E-B
GW-59-B
S128-B
S16D-B
S17AA.80-B
S17C-B
S19BB.5-B
S22A'.5-B
S5F-B
S6B-B
S7F-B
S9B-B
S13A-B
S11E-B
S5C-B
S5F-B ' ,
S7F-B
S8C-B
S9E-B
S10A-B
S10C-B
S11C-B
S12B-B
S13A-B
S13D-B
S15AA.5-B
S15B-B
S16A-B
S16D-B
S17AA.80-B
S17C-B
S18AA-B

Value
19.00
190.00
3.60
19.20
90.00
3.70
19,20
3.70
90.00
92.00
90.00
24.00
96.00
930.00
890.00
930.00
96.00
950.00
88.00
94.00
88.00
94.00
96.00
950.00
18.00
96.00
450.00
19.00
96.00
19.00
89.00
24.00
31.00
110.00
26.00
93.00
85.00
160.00
120.00
70.00

' 150.00
1.900.00

2.80
0.95
2.10
2.20
0.99
2.20
9.00
9.20
9.00
96.00
93.00
89.00
93.00
96.00
95.00
88.00
94.00
88.00
94.00

Units
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
MG/KG
MG/KG
MG/KG
MG/KG
MG/KG
MG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG

Qa/qc
U
U
U
Uuuuuuuuuuuuuuuuuuuuuuuuuuu
UB
UB
UB
UB
UB
UB
UB
UB
UB
U
UB
U
U
U
U
Uuuuuuuuuuuuuuuu

WHIPQuat
U
Uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu ,uuuuuuuuuuuuuuuuuuuuu

flfi!05590



Potomac Yards, South Yard/South Tail Area Only. Soil Data for 0 to 3 feet
Samples Removed From Further Processing Due to 1/2 Detection Limits > Maximum Hit

Data Stored in ELVDLS.DB Table. Repot Printed from ELVDLS.RSL
Thursday. February 02,1995 ' • .Page 6

Compound
atpha-Chlordane . - - .
alpha-Chlordane
alpha-Chlordane , ' , •
alpha-Chlordane
atpha-Chlordane

Sample
S19BB.5-B
S20B3.5-8
S6B-B
S7A-B
S98-8

value
96.00
95.00
96.00
45.00
96.00

Units
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG

Qa/qc

c
c
c
c
c

WHIPQual

c
c
c
c
c



Potomac Yards, Potomac Greeny Area Only, Soil Data for 0 to 3 Feet
Samples Removed From Further Processing Due to 1/2 Detection Limits > Maximum Hit

Data Stored In ELVDLS.DB Table. Report Printed from ELVDLS.RSL
Thursday, February 02,1995 A . Pagel

Compound
2-Butanone '
2-Butanone
2-Butanone
2-Butanone .
2-Butanone .
2-Butanone
2-Butanone
4.4-DDD
4.4-DDD '
4,4-DDD
4,4-DDD
4,4-DDE
4,4-DDE .
4.4-DDE
4.4-DDE
4.4-DDT ,
4,4-DDT
4,4-DDT
Anthracene
Anthracene
Anthracene
Anthracene
Anthracene
Anthracene
Anthracene
Anthracene ' . ' • . ' . , ,
Antimony
3enzo
3enzo
3enzo
Benzo
tenzo
3enzo
Senzo
Jenzo
tenzo
ienio
tenzo
tenzo
tenzo
tenzo
tenzo
tenzo

A anthracene
A anthracene
A anthracene
A anthracene
A pyrene
A pyrene .
A pyrene
B fluoranthene ,
B fluoranthene
G,H,I perylene
G.H.I perylene
G,H,I perylene
G.H.I perylene '
KJfluoranthene ,
Kmuoranthene . . ,
KJfluoranthene -

Bis (2-ethylhexyl) phthalate
3ts (2-ethylhexyl) phthalate
its (2-ethylhexyl) phthalate
iis (2-ethylhexyl) phthatate
Jis (2-ethylhexyl) phthalate
iis (2-ethylhexyl) phthalate
Chlordane
Chrysene
)i-N-butyl phthatate
)i-N-butyl phthafate '
)i-N-butyl phthatate -
Di-N-butyl phthalate
Di-N-butyl phthalate
>i-N-butyl phthalate
>i-N-butyl phthalate
>i-N-butyl phthalate
Di-N-octyl phthalate

Sample
DSA1-1-B
DSA1-3-B
FA-1-B
GW-53-B
GW-54-B
GW-55-B
S10H-B
DSA1-1-B
DSA2-1-B
DSA2-B
FA-B
DSA1-1-B
DSA2-1-B
DSA2-B
FA-B
DSA1-1-B
DSA2-1rB
DSA2-B
DSA1-1-B
DSA2-1-B
DSA2-B
DSA3-B
GW-53-B
GW-54-B
GW-55-B
S10G-B
S10G-B
DSA2-1-B
DSA2-B
DSA3-B
GW-55-B
DSA2-B
DSA3-B
GW-55-B
DSA3-B
GW-55-B
DSA2-1-B
DSA2-B
DSA3-B
GW-55-B
DSA2-1-B
)SA2-B
GW-55-B
DSA1-1-B
DSA2-1-B
DSA2-B
GW-53-B
SW-55-B
S10G-B
S10G-B
DSA2-B
DSA1-1-B
DSA2-1-B
DSA2-B
FA-B
GW-53-B
GW-54-B
GW-55-B
S10G-B
DSA2-1-B

Value
130.00
130.00

' 150.00
130.00
150.00
140.00
110.00
44.00
44.00
50.00
27.00
44.00
44.00
50.00
27.00
44.00
44.00
50.00
800.00

2,200.00
2,500.00
670.00
440.00
500.00
880.00

. 350.00
12.00

2,200.00
. 2,500.00

870.00
880.00

2,500.00
870.00
880.00
870.00
880.00

2,200.00
2.500.00
870.00
880.00

2,200.00
2,500.00
880.00
490.00

2,200.00
370.00
470.00
880.00
350.00
84.00

, 2,500.00
800.00

2,200.00
2,500.00
1,100.00
440.00
500.00
880.00
350.00

2,200.00

Units
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
MG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG

Qa/qc
U
U
Uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu
UBu
UBuuuuuuu.uuuuuuu

WHiPQual
Uuuuuuuuuuuuuuuu . • !uuuuuuuuuuuuuuuuuuu...1 .uuuuuuuuuuuuuuuuuuuuuuuuu

AR105592



Potomac Yards, Potomac Greens Area Only; Soil Data for 0 to 3 Feet
, Samples Removed From Further Processing Due to 1/2 Detection Limits > Maximum Hit

Data Stored in ELVDLS.DB Table. Report Printed from ELVDLS.RSL
Thursday, February 02,1995 Page 2

Compound
Di-N-octyl phthalate
DI-N-octyl phthalate
DibenzfAHlanthracene
Dibenz[A.HJanthracene
Endosuifan 1'
Endosuifan I
Endosuifan 1
Endosuifan 1
Endosuifan 1
Endosuifan r
Endrin ketone
Endrin ketone
Endrin ketone
Endrin ketone
rluoranthene
Heptachlor
Heptachlor
Heptachlor
Heptachlor
Heptachlor .
ndenoM ,2,3-C,D]pyrene
lndenof1,2,3-C,D]pyrene
PCB 1260
PCS 1260
PCB 1260 .
>CB1260
'henanthrene
'henanthrene
'henanthrene
'henanthrene
*yrene •
Sodium
Trichloroethytene

Sample • <
DSA2-3
FA-B
DSA2-1-3
DSA2-8
DSA1-1-B
DSA2-1-B
DSA2-8
DSA3-3
FA-8
S10G-8
DSA1-1-B
DSA2-1-B
DSA2-3
FA-B
DSA2-B
DSA1-1-B
DSA2-1-3
DSA2-8
FA-B
S10G-3
DSA2-1-B
DSA2-B
DSAM-B
DSA2-1-B
DSA2-8
FA-B
DSA2-1-B
DSA2-B
DSA3-3
GW55-8
DSA2-B
S10G-B
GW-54-B

Value
2,500.00
1,100.00

... 2,200.00
2,500.00
22.00
22.00
25.00
4.30
13.00
3.40
44.00
44.00
50.00
27.00

2,500.00
22.00
22.00
25.00
13.00
8.40

2.200.00
2.500.00
440.00
440.00
500.00
270.00

2.200.00
2,500.00
870.00
880.00

2,500.00
1.000.00

8.30

Units
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
MG/KG
UG/KG

Qa/qc
U
U
Uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu

WHIPQual
uuuuuuuuuuuuuuuuuuuuuuu . .uuuuuuuuuu

AR 105593



Potomac Yard, Normal Flows to 4 Mile Run-Dissolved in Surface Water
Samples Removed From Further Processing Due to 1/2 Detection Limits > Maximum Hit

Data Stored in ELVDLS.DB Table. Report Printed from ELVDLS.RSL
Pagel

Compound
1 , 1 -Dichtoroethylene
Tetrachloroethytene
Chlorobenzene
Dimethylphthalate
Pyrene
Tetrachloroethylene
Dimethylphthalate
Pyrene
Dimethylphthalate
Pyrene
Pyrene
1,1-Dtehloroethylene , >
Chlorobenzene
Dimethylphthalate
Pyrene .

Sample
EPASW-11
EPASW-11
EPASW-11
EPASW-11
EPASW-11
EPASW-13
EPASW-13
EPASW-13
SSSW-2
SSSW-2
SSSW-5
SW12DUP
SW12DUP
SW12DUP
SW12DUP

Value
5.00
5.00
5.00

10.00
10.00
5.00

10.00
10.00
10.00
10.00
10.00

* 5.00
5.00

10.00
10.00

Units
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L

Qa/qc
U
U
Uuuuuuuuuuuuu

WHIPQual
U
Uuuuuuuuuuuuuu
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Potomac Yard, Storm Event-Dissolved in Surface Water
ved From Further Processing Due to 1/2 Detection Limits
Stored in ELVDLS.DB Table. Report Printed from ELVDL*

Thursday. March 09,19&5 . -, Pagel

Samples Removed From Further Processing Due to 1/2 Detection Limits > Maximum Hit
Data Stored in ELVDLS.DB Table. Report Printed from ELVDLS.RSL

Compound
Bis (2-ethylhexyl) phthalate
Bis (2-ethylhexyl) phthalate
Bis (2-ethylhexyl) phthalate

Sample
SSSW-5ST
SSSWL6ST
SSSW-7ST

Value
10.00
10.00
10.00

Units
UG/L
UG/L
UG/L

Qa/qc
U
U
U

WHIPQual
Uuu



Potomac Yard. Potomac River Outfalls-Dissolved in Surface Water
Samples Removed From Further Processing Due to 1/2 Detection Limits > Maximum Hit

Data Stored in ELVDLS.DB Table. Report Printed from ELVDLS.RSL
Friday, March 10,1995 .Pagel

Compound
Carbon disulftde . .
Pyrene .
Butylbenzyl phthalate
Benzo{A]anthracene
Chrysene
Bis (2-ethylhexyl) phthalate
Di-N-octyl phthalate
Benzo[G,H,l]perytene '
Pyrene
Butylbenzyl phthalate
Benzo[A]anthracene
Chrysene /
Di-N-octyl phthalate
Benzo[G,H,l]perylene
Carbon disurnde
Benzo[AJanthracerie
Bis (2-ethylhexyl) phthalate
Benzo[G,Htl]perylene

, Sample
NYSW-2
NYSW-2
NYSW-2
NYSW-2
NYSW-2
NYSW-2
NYSW-2
NYSW-2
NPDSW-2
NPDSW-2
NPDSW-2
NPDSW-2
NPDSW-2
NPDSW-2
SPDSW-3
SPDSW-3 .
SPDSW-3
SPDSW-3

Value
20.00
10.00
10.00
10.00
10.00
10.00
10.00
10.00
10.00
10.00
10.00
10.00
10.00
10.00
20.00
11.00

v 12.00
11.00

Units
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L ,
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L

Qa/qc
U
U
U
U
U
Uuuuuuuuuuu
UBu

WHIPQual
U
Uuuuuuuuuuuuuuuuu
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Potomac Yards, Potomac Greens Samples-Dissolved in Surface Water
Samples Removed From Further Processing Due to 1/2 Detection Limits > Maximum Hit

Data Stored in ELVDLS.DB Tabte. Report Printed from ELVDLS.RSL
Friday, March 10,1995 . -•• • Pagel

Compound
Pyrene
lndeno{1 ,2,3-C,D]pyrene
Pyrene
lndeno(1 ,2,3-C,D]pyrene
Pyrene
lndeno[1 ,2,3-C,D]pyrene
Pyrene • ' , - • • ' •
lndeno[1 ,2,3-C,D]pyrene

Sample
NPDSW-1
NPDSW-1
MPDSW-1
MPDSW-1
SPDSW-1
SPDSttM
SPDSW-2
SPDSW-2

Value
10.00
10.00
11.00
11.00
11.00
11.00
11.00
11.00

Units
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L

Qa/qc

c
c
c
c
c
c
c
c

WHIPQual

c
c
c
c
c
c
c
c
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Potomac Yards, 4 Mile Run Outfalls- Sediment
:rom Further Processing Due to 1/2 Detection LI
d in ELVDLS.DB Table. Report Printed from EL1

Friday. March 10,1995 , Page 1

Samples Removed From Further Processing Due to 1/2 Detection Limits > Maximum Hit
Data Stored in ELVDLS.DB Table. Report Printed from ELVDLS.RSL

Compound
2-Methylnaphthalene
BenzofAlanthracene
Benzo Bmuoranthene
Di-N-butyl phthalate
Fluorene
Phenanthrene
Pyrene
2-Methylnaphthalene
Benzo
Benzo
Benzo

AJanthracene
Ajpyrene
Bmuoranthene " .

Chrysene
Fluoranthene
Fluorene
Phenanthrene
Pyrene
2-Methylnaphthalene ; " •
Acenaphthylene
Barium
Benzo
Benzo
Benzo
Benzo
Benzo
Benzo

A
A
A
A
B
B

anthracene
anthracene
pyrene
pyrene
fluoranthene
fluoranthene

Chrysene
Fluoranthene
'Tuorene
l̂uorene
Dhenanthrene " '
3henanthrene
r̂ene
3enzo[A]pyrene .
Fluorene

Sample
SSSED-3
SSSED-3
SSSED-3
SSSED-3
SSSED-3
SSSED-3
SSSED-3
SSSED-5 DUP
SSSED-5 DUP
SSSED-5DUP
SSSED-5 DUP
SSSED-5 DUP
SSSED-5 DUP
SSSED-5 DUP
SSSED-5 DUP
SSSED-5 DUP
SSSED-6
SSSED-6
SSSED-6
SSSED-6
SSSED-6
SSSED-6
SSSED-6
SSSED-6
SSSED-6
SSSED-6
SSSED-6
SSSED-6
SSSED-6
SSSED-6
SSSED-6
SSSED-6
SSSED-7
SSSED-7

Value
840.00
840.00
840.00
840.00
840.00
640.00
840.00
450.00
450.00
450.00
450.00
450.00
450.00
450.00
450.00
450.00
400.00

24,000.00
70.80
140.00
400.00
240.00
400.00
260.00
400.00

1,600.00
2,200.00
2,200.00
400.00

6,700.00
( 400.00
2,600.00
410.00
410.00

Units
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
MG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG

Qa/qc
U
Uuuuuuuuuuuuuuuuu
UBuuuu
UBuuuu
U"uuuuu

WHIPQual
Uuuuuuu •u ..uuuuuuuuuuuuuuuuuuuuuuuuuu
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Potomac Yards. Potomac River Outfalls-Sediment
I From Further Processing' Due to 1/2 Detection LJm
•ed in ELVDLS.DB Table. Report Printed from ELV1

Friday, March 10,1995 , Pagel

Samples Removed From Further Processing' Due to 1/2 Detection Limits > Maximum Hit
Data Stored in ELVDLS.DB Table. Report Printed from ELVDLS.RSL

Compound
Bis (2*ethyihexyl) phthalate
Acenaphthene ,
Fluorene
Phenanthrene
Anthracene
9H-Carbazole
Fluoranthene
Pyrene
3enzoJA]anthracene
Chrysene
3is (2-ethylhexyl) phthalate
3enzo[B]fluorantnene
3enzo[K]fluoranthene
3enro[Ajpyrene '
ndenql ,2,3-C,D]pyrene
3enzo[G,H,l]perylene
)ibenzofuran
Acenaphthene
rluorene
Anthracene
MH-Carbazole
3enzo{A]anthracene
Chrysene
JenzofBJfluoranthene
3enzo[K]fluoranthene
3enzo[A]pyrene
ndeno[1 ,2,3-C.Dlpyrene
3enzo(G,H,l]perylene
Dibenzofuran - . .

Sample
NYSED-2
NPDSED-2
NPDSED-2
NPDSED-2
NPDSED-2
NPDSED-2
NPDSED-2
NPDSED-2
NPDSED-2
NPDSED-2
NPDSED-2 .
NPDSED-2
NPDSED-2
NPDSED-2
NPDSED-2
NPDSED-2
NPDSED-2
SPDSED-2
SPDSED-2
SPDSED-2
SPDSED-2
SPDSED-2 ,
SPDSED-2
SPDSED-2
SPDSED-2
SPDSED-2
SPDSED-2
SPDSED-2
SPDSED-2

Value
4,900.00
23,000.00
23,000.00
23,000.00
23,000.00
23,000.00
23,000.00
23.000.00
23,000.00
23.000.00
6,200.00
23,000.00
23,000.00
23,000.00
23,000.00
23,000.00
23.000.00
1.200.00
1,200.00
1.200.00
1,200.00
1.200.00
1,200.00
1.200.00
1,200.00
1,200.00
1.200.00
1,200.00
1,200.00

Units
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG

Qa/qc
U3
U
U
U
Uuuuuu
UB
U
U
U
Uuuuuuuuu
U ;
U
U
U
U
U.

WHlPQual
U
U
Uuuuuuuuuuuuuuuuuuuuuuuuuuu

AR105599



Potomac Yards, Potomac Greens-Sediment
Samples Removed From Further Processing Due to 1/2 Detection Limits > Maximum Hit

Data Stored in ELVDLS.DB Table. Report Printed from ELVDLS.RSL
* . -,-- : ' * ' . •: . •

Friday, March 10,1995 ' , Pagel

Compound
Naphthalene
Acenaphthene
Fluorene
Phenanthrene
Anthracene
Fluoranthene
Pyrene
Benzo[A]anthracene
Chrysene
Bis (2-ethylhexy!) phthalate
Di-N-octyl phthalate
BenzofBmuoranthene :
BenzoiKmuoranthene
BenzofAjpyrene
lndeno[1 ,2,3-C.Dlpyrene
3enzo[G,H,l]perylene
Endrin ketone
aeta-Chlortiane
3enzo[B]fluoranthene
3enzo[A]pyrene
ndeno[1,2,3-C,D]pyrene
3enzo[G,H,IJperylene
Naphthalene
Acenaphthene
:luorene
Anthracene ,
Naphthalene
Acenaphthene ;
:luorene • t .
Anthracene
3enzo(A)anthracene
Chrysene
)f-N-octyl phthalate ,
3enzo[6jfiuoranthene
SenzofrOfluoranthene
3enzo(A]pyrene .
ndenof1,2,3-C,D]pyrene
Benzo[G,H,(Jperylene

Sample
NPDSED-1
NPDSED-1
NPDSED-1
NPDSED-1
NPDSED-1
NPDSED-1
NPDSED-1
NPDSED-1
NPDSED-1
NPDSED-1
NPDSED-1
NPDSED-1
NPDSED-1
NPDSED-1
NPDSED-1
NPDSED-1
NPDSED-1
NPDSED-1
MPDSED-1
MPDSED-1
MPDSED-1
MPDSED-1
SPDSED-1
SPDSED-1
SPDSED-1
SPDSED-1
SPDSED-2
SPDSED-2
SPDSED-2
SPDSED-2
SPDSED-2
SPDSED-2
SPDSED-2
SPDSED-2
SPDSED-2
SPDSED-2
SPDSED-2
SPDSED-2

Value
68,000.00
68,000.00

" 68,000.00
68.000.00
68,000.00
68.000.00
•68,000.00
68,000.00
68,000.00
68,000.00
68,000.00
68,000.00
68,000.00
68,000.00
68.000.00
68.000.00

70.00
35.00

1,200.00
1,200.00
1,200.00
1,200.00
1,200.00
1,200.00
1,200.00
1,200.00
1,200.00
1,200.00
1,200.00
1,200.00
1,200.001,200.00
1.200.00
1,200.00
1,200.00
1,200.00
1,200.00
1,200.00

Units
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG
UG/KG

Qa/qc
U
U
U
U
U
U
Uuu
UB
U
U
U
Uuuuuuuuuuuuuuuuuuuuuuuuu

WHIPQuat
Uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu
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FOR AVIAN WILDLIFE
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APPENDIXH

DERIVATION OF SOIL TOXICITY SCREENING VALUES fTSVs)
FOR AVIAN WILDLIFE

This appendix presents the methods and assumptions used to derive toxicity screening values
(TSVs) for avion wildlife potentially exposed to chemicals of concern in soil at the Potomac
Yard site. The soil TSVs derived here are estimates of the chemical concentrations in soil that
would not be associated with toxic effects in the exposed organism. Both acute and chronic
exposures are considered. The exposure scenario used to derive TSVs for all chemicals of
concern is soil ingestion by avian wildlife. Additionally, a bioaccumulation exposure scenario is
used to derive a second set of soil TSVs for pesticides and PCBs, based on the assumption that
these chemicals could accumulate in avian soil invertebrate prey to levels greater than those
present in soil. Both soil ingestion-based and invertebrate prey ingestion-based soil TSVs are
used in the ecological risk evaluation, where appropriate.

This appendix is divided into two principal sections. First, the methods, assumptions, and data
used to characterize acute and chronic avian toxicity are presented. Then, the methods and
assumptions used to derive soil TSVs, as well as the resultant TSVs are presented.

. -
The goal of the toxicity assessment was to derive estimates of no-effect doses for acute and
chronic exposures. Avian toxicity data were obtained from both primary and secondary
literature.

Toxicity data for test species most similar to the potential receptor species at the Potomac Yard
site were preferentially selected for use in the derivation of site-specific TSVs. Accordingly,
species-specific toxicity data were derived from studies with song birds and other passerine
species to the extent possible because these species comprise the predominant birds species that
occur at the Potomac Yard site, and also are the species considered most likely to ingest soil
(while preening or foraging) or soil invertebrates. If no data were available for passerine species,
data from raptors was used, given that raptors (i.e., red-tailed hawk) have been observed at the
site. (Raptors, however, are not considered to be susceptible receptors with respect to soil-related
exposures at the site because they are less likely to ingest soils while preening or foraging, and
because none of the chemicals of concern will accumulate in raptor prey (i.e., rodents) to the
same degree as in soil invertebrates). Data from other species were selected according to the
following hierarchy: gallinaceous species (e.g., quail), waterfowl (e.g., ducks), and domestic
fowl (e.g., chicken). None of these species groups is expected to occur on the Potomac Yard
Site, •

IM
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but were considered here because they comprise a substantial portion of the avian toxicity
literature database.

Data from studies that examined effects on reproduction, growth, or survival were used to the
extent possible because these endpoints are most relevant with respect to evaluating potential
effects onavianpopulations. Data from studies that-examined other less ecologically relevant
endpoints (e.g., increased organ weight) were used if information on the preferred endpoints
could not be found.

All toxicity data derived from the literature were normalized to units of mg chemical/kg diet dry
weight (dw). This normalization was done to facilitate the calculation of the soil TSVs as well as
to facilitate the evaluation of species-specific differences in toxicity (which cannot be completed
if toxicity data are expressed in different units). Toxicity data presented in the literature as
mg/kg diet fresh weight (fw) were converted to dw dietary concentrations by assuming that a
natural diet contains 70% moisture and 30% dry matter (Lincer 1975 and others) and using the
following conversion: / . -

v • • - - ' ' '
(1 mg/kg-diet fw) * (1 kg-diet fw to 3 kg-diet dw) ~ (mglkg-diet dw)

Toxicity data presented in the literature as oral dosages (i.e., mg/kg bw) were converted to
mg/kg diet dw by assuming that a bird ingests an amount of food equivalent to 20% of its body
weight each day and using the following conversion: .,

• • . . - • ' • ' • • ; . - - . • ' . ' . : " . . • • • • • • • : V - . • • '
(mglkg-bw) * (1 kg-bw/Q.2 kg-diet f*) * (1 kg-diet Jwto.3 kg-df*t dw) * (mglkg-fot dw) .

Acute Toxicity

Median lethal dietary concentration (LĈ ) or dosage (LD50) values were used to derive acute
toxicity values. LC5(>s and LD̂ s were obtained from Eisler (1987), Heath et al. (1970), Hill et id.
(1975), Hudson et al. (1984), Jorgensen et al. (1991), Nriagu (1994), and Schafer et al. (1983).
LĈ s and LD50s were used to develop the acute toxicity values because they were available for
the majority of chemicals considered in this screening evaluation. In cases where more than one
LCa or LD30 was reported for a species of interest, the lowest value was selected for use in this
assessment. Data for structurally similar chemicals were used if acute data for the chemical of
interest could not be found. The chemicals of concern and their surrogates (in parentheses) are as
follows: beta-BHC (gamma-BHC); bis(2-ethylhexyl)phthalate (dimethyl phthalate); cadmium
(cadmium chloride); and thallium (thallium sulfate).

Table H-l summarizes all acute avian toxicity data considered in this assessment. The values
that were selected for use in derivation of the TSVs are marked with an asterisks (*). For sonic ,
chemicals, the acute values are expressed as a "greater than" concentration or dose because the
true acute value lies somewhere above the highest dose tested. These "greater than" values were

' . ; . , . ' • ' . • • • • • ' ' • " ' H - 2 • ' ' . - 1 ' . ' ' : ••""'
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used as acute values for the derivation of TSVs, except if they were less than the chronic toxicity
values identified in the literature. In the latter case, which occurred for PAHs, no acute toxicity
value was derived.

The toxicity values that were selected for use in the derivation of TSVs were based on the
following species: passerines (i.e., house sparrow, starling, and blackbird) for beta-BHC,
dieldrin, endosulfan, endrin ketone, bis(2-ethylhexyl)phthalate and thallium; and gallinaceous
species (quail, bobwhite, and pheasant) for chlordane, ODD, DDE, DOT, heptachlor, PCB 1260,
arsenic, cadmium and mercury. Toxicity data on mallards was used to develop the toxicity
values for the remaining two chemicals for which toxicity information was readily available (di-
n-butyl phthalate and di-n-octylphthalate). No acute avian toxicity data could be located for 2,4-
dinitrophenol, 2-hexanone, antimony, cobalt or silver.

Chronic Toxicity

Chronic toxicity values for TSV derivation were either the highest no-observed-adverse-effect
level (NOAEL) or the lowest-observed-adverse-effect level (LOAEL) reported in the literature
for the species of interest NOAELs and LOAELs were obtained from Eisler (1986, 1987),
Hudson et al. (1984), Jefferies (1971), NAS (1980), Newell et al. (1987), O'Shea and Stafford
( 1 980), and Whitehead et al. ( 1 974). As was done for acute values, data for structurally similar
chemicals were used if toxicity data were not available for the chemical of interest. The
chemicals of concern and their surrogates (in parentheses) are as follows: beta-BHC (gamma-
BHC); endrin (endrin ketone); PCB 1260 (PCB 1254); di-n-butylphthalate and di-n-
octylphthalate (bis(2-ethylhexyl)phthalate); cadmium (cadmium chloride); mercury (mercuric
chloride) and silver (silver acetate). In the absence of chemical-specific toxicity data, toxicity
data for a PAH mixture was used as the basis of the toxicity value for seven individual PAHs.

Table H-2 summarizes all chronic avian toxicity data considered in this assessment The values
that were selected for use in derivation of the TSVs are marked with an asterisks (*). As stated
previously, reproduction, growth, and survival were the preferred endpoints, but less relevant
endpoints (e.g., increased liver weight) also were used. For phthalates, no toxicity data could be
found, and the chronic value selected for soil TSV derivation is based on residue accumulation,
rather than toxicity. This is considered a very conservative approach, given that accumulation is
a phenomenon, but not an effect

The toxicity values that were selected for use in the derivation of TSVs were based on the
following species: passerines (i.e., finches and starlings) for DDD, DDE, DDT,
bis(2-ethylhexyl)phthalate, di-n-butylphthalate, and di-n-octylphthalate; raptors (i.e., owl and
kestrel) for endrin ketone and PCB 1260; quail and mallards for beta-BHC, dieldrin, cadmium,
mercury and all seven of the PAHs; and domestic fowl for heptachlor, arsenic, cobalt, and silver, '
No chronic avian toxicity data could be located for chlordane, endosulfan, 2,4-dinitrophenol, 2-
hexanone, antimony, and thallium.

H-3
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Derivation of Final Acute and Chronic Toxicity Values

Acute toxicity values to be used in the calculation of soil TSVs were derived by applying a safety
factor of 5 to the selected acute toxicity value. This safety factor has been used by USEPA to
estimate safe acute doses of pesticides (Urban and Cook 1986).

/ • '
For chronic toxicity values, chronic NOAELs were selected to be used in the calculation of soil
TSVs. If no NOAEL was identified, and the LOAEL Was based on an ecologically relevant
endpoint, a safety factor of 10 was used to estimate a NOAEL from the LOAEL. If the LOAEL
was based on a less relevant endpoint (e.g., increased organ weight), no safety factor was
applied.

Table H-3 summarizes the acute and chronic toxicity values selected for use in the derivation of
soilTSVs.

DERIVATION OF TOXICirY SCREENING VALUES (TSVs) FOR SOIL. ' . . . . ' . • . . -
Soil toxicity screening values (TSVs) are derived for avian wildlife using a reverse risk
assessment approach. Typically, screening level ecological risks are evaluated by comparing
estimated exposures to toxicity values, if* the ratio of these values (the hazard quotient) exceeds
one, some degree of risk is presumed to exist Under the reverse risk assessment approach used
here to generate soil TSVs, the hazard quotient is set equal to one, and the associated exposure
concentration is determined based on assumptions regarding intake and toxicity. ' . ,. '

Soil TSVs are derived in this manner for the soil ingestion and soil invertebrate bioaccumulation
pathways mentioned previously and are presented on Tables H-4 and H-5, respectively.

•' . .- i . - [ \ •
Direct Soil Exposure." '' ' .• .Si . - •• i '

In developing the TSVs based on soil ingestion, it was assumed that soil comprises 18% of a
bird's diet (on a dry weight basis) based on the average percent sediment intake of four species of
sandpiper (Beyer et al. 1994). In this study, sandpipers, which probe or peck for invertebrates in
mud or shallow water, consumed sediments at a rate of 7.3 to 30% (dry weight). This
assumption is considered to be conservative for the passerine species that are likely to occur at
the Potomac Yards Site, because none of these species forage in this manner. The following
equation was used to develop both acute and chronic TSVs based on soil ingestion:

H-4
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„ , - . m TSV (mg/kg-soil dw) * Soil fraction in diet (kg soiUkg-diet dw) • BloavailabUityHazard Quotient * ————————————————————————————————————————————————-
Toxicity Value (mglkg-diet dw)

where:
TSV = Toxicity Screening Value in soil

(mg chemical/kg soil dw),
Soil fraction in diet = 0.18 kg soil/kg diet dw,
Toxicity Value = chemical-specific value

, (mg chemical/kg-diet dw), and
Bioavailability = Relative Oral Bioavailability from soil

(unitless), if applicable.
•»

When the hazard quotient (HQ) is set equal to one, the equation can be rearranged such that the
TSV is equivalent to the chemical-specific toxicity value divided by the fraction of soil in the
diet (or 0.18 kg soil/kg diet dw), as follows:

-»«** , ^ ** * ̂  Toxicity value (mg/kg-diet dw)TSV (mg/kg-soil dw) = ——————————-—-——^ * * ————-——————
Soil fraction in diet \ kZ~soil \ Bioavailability

I kg-diet dw I *

For this assessment all chemicals, with the exception of arsenic, were conservatively assumed to
be 100% bioavailable from soil. A bioavailable factor of 10% (0.1) was used to develop the
TSVs for arsenic based on site-specific information that indicates arsenate, the predominant form
of arsenic at the Site, is tightly bound to the cinder-based ballast material in soil, and therefore is
unavailable for oral absorption. This may also be the case for other cinder-related materials,
however, data are unavailable.

As shown on Table H-4, and noted earlier, acute TSVs are not presented for chemicals (i.e.,
beta-BHC and the seven PAHs) which had final acute toxicity values that were less than the final
chronic toxicity values. In the case of beta-BHC, the acute toxicity value was less than the
chronic value due to the application of an uncertainty factor of 5 to the dietary LCS0. For the
seven PAHs, the acute toxicity values were less than the chronic values because they were
expressed as a "greater than" concentration and therefore the true acute values lie somewhere
above the highest dose tested.

Potential Bioaccumulative Impacts

As noted earlier, TSVs were also calculated based on the potential for pesticides to
bioaccumulate in avian soil invertebrate prey to levels greater than those present in the soil. In
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this screening-level assessment, it was conservatively assumed that all pesticides and PCB 1260
r i have a soil-to-invertebrate bioaccumulation factor (BAF) of 10.

The soil-to-invertebrate BAF of 10 (mg/kg-diet dw per mg/kg soil dw) was derived based on a
review of the literature on organochlorine pesticides and PCBs. BAFs were obtained from Beyer
and Gish (1980), Wheatley and Hardman (1968), Gish (1970), Davis (1971), and Diercxens et al.
(1985). BAFs reported in these studies ranged from 0.27 to 10. A BAF of 10 was conservatively
selected for use b the calculation of soil TSVs for all pesticides and PCBs.

The equation used to develop the TSVs based on acute and chronic toxicity values is as follows:

_„, e ' , ..ii. it ji x Toxicity value (mglkg-diet dw)TSV (mg chemical/kg -soil dw) * ———— £- —— v * * —— - —— '-

\ mg/kg-soil dw

_
TSV = Toxicity Screening Value

(mg chemical/kg soil dw),
Toxicity Value .•« chemical-specific value

(mg chemical/kg-diet dw), and
BAF - Bioaccumuiation factor ,

, : (10 mg/kg-diet dw/mg/kg-soildw).

The final TSVs based on potential bioaccumulative impacts are presented on Table H-5. For the
reasons stated previously, the final acute toxicity value and resultant TSV for beta-BHC are not
presented because they are less than the chrpnic values.

UNCERTAINTIES ASSOCIATED WITH THE SOIL TSVS

It should be recognized that very conservative assumptions were incorporated into this screening-
level assessment which are likely to result in acute and chronic TSVs that are lower than true
minimum safe levels, and therefore, an overestimation of potential risks. In developing the
TSVs, it was assumed that avian wildlife are continuously exposed to chemicals at the Site.
While suth an assumption may be appropriate tor acute (short-term) exposure scenarios, it is
considered highly unlikely for long-term exposures, such that an animal is exposed throughout a
lifetime or significant portion of a lifetime. Therefore, chroniq TSVs are likely to be
substantially lower than necessary to protect wildlife at the Site.

Additional uncertainty is associated with the high soil ingestion rate used the derivation of TSVs.
As discussed previously, it was conservatively assumed that soil comprises 18% of a bird's diet

H-6
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based on data for sandpipers, a species which probe or peck for invertebrates in mud or shallow
water. This assumption is considered to be conservative for the passerine species that are likely '
to occur at the Site, and will result in lower TSVs than would be generated using more x**-+
appropriate soil ingestion rates. Differences in chemical bioavailability between experimental
and site-specific conditions is another source of uncertainty.. In this assessment it was assumed
that all chemicals in soil, with the exception of arsenic would be 100% bioavailable from soil*
Given site-specific data that demonstrate that arsenic bioavailability is reduced 90%, it is
considered probable that other metals also have reduced bioavailability. Therefore, TSVs for
other metals could be an order of magnitude (or more) lower than necessary to protect wildlife.

A high BAF of 10 was used for all of the pesticides in developing TSVs based on potential
bioaccumulative impacts. This assumption is highly conservative because BAFs as low as 0.27
have been reported in the literature for the chemicals of concern, and therefore could result in
lower than necessary TSVs.

Other important sources of uncertainty include: differences in sensitivity between the test
species and the potentially exposed receptor, changes in the dose-response over a range of
environmental concentrations, and application of uncertainty factors. Uncertainty is also
associated with use of a hazard quotient of1.0 for each chemical of concern regardless of its
most sensitive toxicological endpoint This assumption fails to consider the potential for
toxicological additivity which could result from simultaneous exposure to multiple chemicals
known to adversely impact the same target organ. However, given the level of conservatism
built into the TSVs in general, this is not expected to result in underestimates of avian toxicity . ;
and risks.

In conclusion, the majority of assumptions used in deriving the soil TSVs for this
screening-level assessment are very conservative and most likely result in TSVs that are lower •
than potentially safe levels. This will ultimately result in the overestimation of the avian wildlife
risks at the Site.

r
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X
S
X

itA. ̂
PI*P eIf

' ' . - .

•' ' J2 -' , "S•»

II
li.3-1
J*'"*

& •.«
Wll

Sc
ha
fe
r,
 RW
.,

tox
ici

ty,
 rc

pel
l.

sp
ec
ie
s o

f w
il
d

12
:3
55
-3
82
.

LD
Mo
f

10
2 
mg
/k
g 
bw

er
te
dt
od
wL
Ct
t

A i

I
A ,.

S '.
. ^

5i 1
I

.

'

E
jjy

r -

J ' ,

- '

§

JW • ' .

' '

'

•Q

$•*•-'11"* n *

Sc
ha
fe
r,
 E.
W.,

to
xi
ci
ty
, r

ep
el
h

sp
ec
ie
s o

f w
il
d

12
:3
55
-3
82
.

LD
H 
of

10
1 
mg
/k
g 
bw

er
te
dt
od
wL
CM

A §

§

. , .

B
A
*

I
mO>

1

1

I

. * ' -

•' ' ^

-

§

5
3 '
C

|5|
" S'g* i S

Sc
ha
fe
r,
 E.
W.,

tox
ici

ty,
 re

pe
lk

spe
cie

s o
f w

il
d

12
:3
55
-3
82
.

- -

LD
jo
 of

101
 m
g/
kg
 bw

er
te
dt
od
wL
Cw

A g
,8 ,

e . ;
S
A
*

'

i' !
JA <L .

1
!
1

- * ' . •

V

J

J

f
B -

1
1

J«*
r£-2
* g I

Sc
ht
fe
r.
E.
W.
,

tox
tci

ty,
 re

pe
lk

sp
ec
ie
s o

f w
il
d

12
:3
55
-3
82
.

LD
Mo
f 

•
01
 mg

/k
g 
bw

cit
ed
 to

 dw
 LC

M

I( §

S§
•H
'IE

1i
I •OS

"i •

. '. . •

u

i '3 's"z

•̂
M?i

::¥̂«SSî
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TABLE H-3
DERIVATION OF FINAL ACUTE AND CHRONIC TOXICITY VALUES FOR AVIAN WILDLIFE

Chemical
Acuta

Toxicity Valua
(mg/kg-dlet dw)

Final Acuta
Toxicity Valua
(mg/kg-dlet
dw)(a)

Chronic Toxicity Values
(mg/kg-diet dw)

Final Chronic
Toxicity Valua
(mg/kg-dfetdw)

pr̂ .ŝ ,«-̂ -̂ sf ••;̂:>-:*f,r/ .\t̂ -̂ *̂ t't̂ '̂ -̂̂ î̂ "*-̂1î '̂ F*!̂ '̂̂ i>':'̂J ĵ '-̂ -v'ĵ Ulî Ĥ ?̂ ^ •• '"•- -;b/':'+ • -' -:--: ̂  ••••--'•• -..• •
%• !*£&*££' ̂:3!̂18&SW;?̂§!%̂  : "' t #•'-." :V -j.O,-: ̂V̂ îJ-;̂ 'fleOTC/flwŝ &̂ dVsaî ^ • < '• "?•" -••̂ ••̂ f̂ĉ fw- "-:
:>eta-BHC
Chlordane
4,4-DDD
4,4-DDE
4.4-DDT
Dieldrin
Endosulfan 1
Endrin Ketona
Heptachlor
PCB 1260

940
240
1900
325
570
220
580
30
310
745

NP
43
380
165
114
44
118
6
62
149

200
NA
170
22
42
10
NA
0.75
0.3
150

200
NA
17 (b)
2 (b)
4 (b)
1 (b)
NA
0.075 (b)
0.3
15 (b)

Bis(2-ethylhexyl)phthaiata
Di-n-butylphthalata
Dwvoctylphthalata

> 1.700
> 5.000
> 5,000

> 340
> 1,000
> 1.000

250
250
250

250 (c)
250 - (c)
250 (c)

'•̂ Ĥfêfe'̂i!̂^ j;̂%?:Qi!{|r̂ *̂«̂ î ̂̂ ^̂ ^̂ •-''̂ f̂cĵ v***̂  ̂ k̂̂ 'î yî  -"*!:: :f !> -' . - ' : y-« •'? '••!*••• ', •-. •; ° ̂'̂"' ;•;-.;.'' '/'j -. .. •
M//ŝ Psitio/ê /irifeSAidiliM̂ ŝ ^ - -• "•. '•-•"" v;̂ ?̂ .-1'-̂ '̂-
Acenaphthena
Acenaphthytena
Dibenzo(a,h)anthracena
Dibenzofuran
Fluorena
2-Methylnaphthalene
Naphthalene

> 1,700
> 1,700
> 1,700
> 1.700
> 1.700
> 1.700
> 1.700

NP
NP
NP
NP
NP
NP
NP

4,000
4.000
4,000
4,000
4,000
4.000
4.000

4,000 (c)
4,000 (c)\̂
4,000 (C)
4,000 (C)
4,000 (c)
4.000 (C)
4,000 (C)

OtherorgahlciKf ̂ ^f ;^ -" ̂%r̂ rf%̂ ;̂̂ H •=, = ,ĵ: .•'..•--•,'U-v̂  -j-'--:>̂ :̂-î  ' .- .; •':• •' .: • •'•:••.• •
2,4-Dinitrophenol
2-Hexanone

NA
NA

NA
NA

NA
NA

NA
NA

rinfYt flfift*<t̂ r̂î '̂:̂ '̂̂ '̂  ;:::-'-:̂.;* ̂tr̂  li ̂'-'̂ Ŵ r : ̂ cfi::-fe?~<i:l̂  ».: J>:.-- ̂>̂ ;i.̂ ^ -;̂""';:!¥̂ '̂ ~r̂ .̂̂ -̂  -; "ii-L1.:-;̂ -" - -' ; :e;̂  "?.[-?!:- : :> ŷ-Fi/'i' J- '••!--•• ' • . a •' • ••;:• " : " • '.' ''nUflJtml l/Ud > f !> ~ f. : :• - -. i. .-•:--:.;; „>-:=..-. =•• »i' ."•? '••!.• i. :.:*- i.'--.J.--«, •••=! • =:- • —vf; :i.̂  '..-VB .~ ": S' ::.:=.='• .TI j;:-!. •»=• • -.,.:::- -.- • •-. ''-'-:.•- .. a,.- ..;••- -.•••i,: - - . . = . . . -

Antimony
Arsenic
Cadmium
Cobalt
Mercury
Silver
fhallium

NA
790
767
NA
520
NA
530

NA
158
153
NA
104
NA
116

NA '
10
1 . .
4.7
4
300
NA

NA
10
1 (c)
4.7
4
300
NA

^

dw » dry weight
NA a Not available
NP 3 Not presented. Estimated acute toxicity value is less than that for chronic. See text.

(a) An uncertainty factor of 5 was applied to all LC50 values in developing the final acute toxicity value.
(b) The toxicity value is a LOAEL for a relevant endpoint therefore, an uncertainty factor of 10 was applied

in developing the final chronic toxicity values. ;
(c) The toxidty value is a LOAEL for a less relevant endpoint. Therefore, no uncertainty factor was applied. * ~̂~̂



.. • • • - •, :;< v- t - . - . • : ' •
TABLE H-4

SUMMARY OF ACUTE AND CHRONIC TOXICITY SCREENING VALUES (TSVs) FOR AVIAN WILDLIFE

Chemical -

Pesticides '--' - •'• =V-. :>' "•'" • • £ 7x- "" r
)eta-BHC
Chlordane
4,4-DDD
4.4-DDE
4,4-DDT
Dieldrin .
Endosulfan 1
Endrin Ketone
Heptachlor
PCB 1260

Phthalates'; • S: ;- -." -L: - -' ; "̂  • * :~ ::!
Bis(2-ethylhexyl)phthalate
Di-n-butylphthalate
Di-n-octylphthalate

ftAWs >/••• "v;' /,- ':"'-."•••
Acenaphthene
Acenaphthylene
Dibenzo(a,h)anthracene
!)ibenzofuran
Fluorene
2-Methylnaphthalene
Naphthalene

Final Acute
Toxicity Value (a)
(9mg/kg-dfet dw)

'-̂ •̂•:.̂'̂ '̂̂ ŷ̂!̂
NP
.48
380
165
114

. * ••• , .44 :
116
6
62
149

^̂ -'̂ Ĵ:'̂ -̂:l̂ f
> 340
> 1,000
> 1.000

Acute
• TSVs(b)

(mg/kg soil dw)
'. . A v̂:"-*.;;»\̂ ! :' •'•- .i:.". j : ": ! ;y*:'

NP
270
2,100
920
630
240
640
33
340
830

•&̂ :;Hi-̂ V- " 'V ;.
> 1.900
> 5,600
> ' 5.600

•$* ;•>/- '
Final

Chronic Toxicity Value (c)
. (mg/kg-diet dw)

R'':-\.:"V̂ =;;̂ i.S4̂ 4>.̂ !,'''"'" '
200
NA
17 (d)
2 (d)

'• 4 (d)
1 (d)
NA
0.075 (d)
0.3
15 (d)

• "•' ';,;,'• ~ "''•". ,/ . -. .'.'••-• ";..• ''?/•"?.•' ' '

250 (e)
, 250 (e)

250 <e)

Chronic
TSVs(b)

(mg/kg soil dw)
;->-";" \ i.f'-_ :-/- . .-=.>. .-'. '

1.100
NA
94
11
22
6
NA
0.4
2 ' . • •
83

>••-:•-'=• V;'-:-:'!".!- ," •'-••':'':}. •. •
1.400
1.400
1,400

.-^:'j •" i"̂ '̂5:.̂ !---r:̂ :!i;- "•• :-. ' "::V' :'^ '̂ f'v •••"-- ;'.". • • ' .':,"'"""'>f'-.:' ' '
NP
NP
NP
NP
NP
NP
NP

NP
NP
NP
NP
NP
NP ^
NP

4,000 (e)
4,000 (e)
4.000 (e)
4,000 (e)
4,000 (e)
4,000 ) (c)
4.000 (e)

22,000
22.000
22,000
22,000
22,000
22.000
22,000

Other organlcs; '
2,4-Dinitrophenol
2-Hexanone

Inorganics
Antimony
Arsenic
Cadmium -
Cobalt
Mercury
Silver
Thallium

NA
NA

• A •:'':' -
NA
158
153
NA
104
NA
116

NA
NA

NA
880
850
NA
580
NA
640

NA
NA

- -:/- :'. • .-.. '
NA
10
1 (a)
4,7
4
300
NA

NA
NA

560 (f)
6
26
22

1.700
NA

dw*dryweight ; /
NA = Not available / . ;
NP = Not presented. Estimated acute TSV is less than that for chronic. See text

(a) Acute toxicity values divided by an uncertainty factor of 5, .
(b) See text for basis of calculations.
(c) Chronic toxicity value based on a NOAEL. unless otherwise noted.
(d) - Chronic toxicity value based on a LOAEL for a relevant endpoint and an uncertainty factor of 10.
(e) Toxicity value is based on a LOAEL for a less relevant endpoint No uncertainty factor applied.
(f) A bioavailability factor of 10% was used to develop the TSV for arsenic. See text.
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TABLE H-S
SUMMARY OF ACUTE AND CHRONIC TOXICITY SCREENING VALUES (TSVs) FOR AVIAN WILDLIFE

BASED ON POTENTIAL FOR B1OACCUMULATION

Chemical

îuSî ^̂ -̂
beta-BHC
Chlordane
4,4-DDD
4,4-DDE
4,4-DDT
dieldrin
Endosulfan 1
Endrin Ketone
Heptachlor
>CB 1260

Final .
Acute TRV
(mg/kg-dlet

dw)
'̂̂ fSiSH

NP
48
380
165
114
44
116
6
62
149

. Acute
TSVs (a)

(mg/kg sol) dw)

NP
5
38
17
11
4
12
1
6
15

Rnal
Chronte TRV
(mg/kg-diet
"... dw)

200
NA
17
2
4
1
NA
0.075
0.3
15

Chronic
TSVs (a)

(mg/kg soli dw)
iM̂ ::̂ y&̂ .:̂ -;\1̂ - .',":

20
NA
1.7
0.2
0.4
0.1
NA

- 0.01
0.03 .
1.5

dw * dry weight
NA« Not available
NP • Not presented. Estimated acute TSV is less than that for chronic. See text

(a) See text for basis of calculations.
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ŝ -

I^«B-i^PrII1 f.-

Central
Tendency

g
Q*r
Wi

Excess Up|
Lifetime Cfl

i| g

Sg1°-

H>ca

i

AR105666



o\
CA
*P

OJ
1̂

I
Ol

00

2 2
00 00

3 fj
3 3 » »3" • ='a 3* 3

5*1 ""
eT 3s

"

Ma

•*
CA __ __

M *aa*

A
I

I
OV)

5s

?5

-!,,Jr a a•A .'• •• ™_
HI*3 Ii

. . ?9

•

S

o>
K»

£o

2o
CA

!

OJ
- •g o *

- 2
00

. MeV *

S

3'i

9-

3 £H

*5 8mm* n
tt *9

* eof»!n



^
R'

00 *>

CA

70
il
3. 85 cr
S sr 3 E

_: -2 & —
& B*

fit

»
B
A

c\
boCA

il-7Q

SP.=
9
Be>
S
IT.
O .
B

s aw
* x.

E

C

B £

*l
g I

P3
Ela

B SSO» _e S

f •!^̂  -1 -»

Cen
Tend tralc

AR 105668



*—\ ̂  ̂  <£»»

Iff!
1 I1 3

1-1 i I•SssSstilo ;•• S.•a* e> A
35"3

*i!la2* 3" •*•* **

' • s

5F H

1 'S1B89..3a f - a > * * •*. im S £ . *v *^ ̂  •—' 3S.5ri5» 2 g 5? P?

^

S*^ o ̂  co **i•** oe oj ̂ -̂W PJ PJ PJ PJ PJ

— 00 K) — — 00

M o -a w5 o o
PIPIPIPIPJPJ f9 m*

•— S S <*

K) — y. Kl K> —
p » bo o* "
NJ OO QO CA _ _.
PI PI PJ P) Pi PI
N» po 06 v» ON oo U jP

S.-I&6 6 <b o 6 6— — ̂  3; w —

r* A, oj o> oj oj
ji ff)' PI' W PI PJ

. so K» so A. A. w
OJ mm* \Q <5 i«J Q9

Cfl PI tfl tfl PJ PJ

•— -•' O -*J OJ-S

w r* ̂  w ̂  »o CA
PJ 22 ̂ o bo fo 'o•t fp PJ PJ PJ PJ PJ

o OH*5a ?
^ n
1 Z
3* w.
PJ 5

,̂0
w ̂*"' 3Ao

?

tlirril-IO 9a 3..

f
I



• t*n w% *< S'

i
3
O.

2-

eB

Ul CA —
be CA ̂

-4 "-J

—— CA mmm

Uofo

OJ CA OJ

K> W JO Oi
PJ PJ PI PI
O O O O(O OJ K) OJ

? 9§ e»s i
I' ff
'S S3
° mZ.«* o-
H E

S" **»
S S.

PI

Centnd

fp •>•
I1

I
5
B:
S
B

2

s:

»<
o •
S >
i *••ii-m̂ -

- ?3 3

ggpi ftS?; m S • S.I £8
s-Ox Vntral

enc
b

r5* Sr
9̂
mm.

Noncani

Can

nic

O*isgoo
-b:

CAra

n

•)

2

£
10

C

» S
& -eft ^
^

B

B

*
|
?

ra
g/kg-day

ge

s'S g *£.f fc

e U

0*
111

AR105670

ff

g?:



S

S»
a.

&
B"
f.
M*

.̂**J CA

OJ OJ 00
'.fe OJ CA
OO ** "••
PI PJ W
O
CA

CA —
0 C*

a <*s i.3.3

eT CT inPJ S *

^ O'3 M

3it*33
a

3* =*S s'

Jk

oo

a

CA
PJ

a
f
M.

Cent
nd

ral
ency

3-
PI

SP.
5i
- I*•*> *

!'

ARI0567I

w

9



R-RIDI5672



O CA

3
00

'a
A.

OO

oo

toe

00

00

CA CA

Oo
33
II
|l

if

ntra
d tral
ency

Bf
H

r Con

__..._ _ . <*
po — .^ - , . ^

fl
I

J^ "™~ ™* • —
PJ

3

*2-3 *•

.

s
oo

.Ol

_ 00
a

*

et
PJ

3
PI

Centnd

S

3.

r Con

1

T Centra
enden

ARI05673

w



' ,, v • ' ' • .£

..:,.(
f/ ,. - ;'' . ' ..' • . -g

: . ' • - • ' • • •• • . : |
S

• ' - '•' • 1• Bi.§
Q

.; -. - ' . B
* 9

OJ»
- .8-

1.

. " B'- .
. • ' . • • - . ' - > &

|.

- " . . : . ' - , ' . ' .

1 -

" .-

1

• • • •

' ; .

£ ' '

• . a "to

1 I|

•' P

1, 1 '

1 ^
' B P. •

C I

X*••" / ' 8 "

CA •—

-O oo

gij
£, Pi Pi

•Ch OO

,

. 00 O

OJ >O
'' vo IAto oo

*3 05

Sf
-2 *

*mt OJ ̂

M Ox IO

g gg:'.
CA -O'CA

*Qo ^nI i ...iffD cr
0 MM PJ
B B-
e7 g

C

-

Central
Tendency

E3"
B-
P3
3
C.

Central
Tendency

ffi •
3"
fl "/
a

Air Concent

2tion (mg/ni3)

<".

w 2
^̂
5 S
i? **

i
~S? '*"ipg*?i 1*1*

E 
Central

1 Tendency

£rr '
PIi

f '
§

1;.'

So£ >
*? s*

I

1

.

.•S-

OJ
bo

CA
51
O

OJ

' i
* ""

CA

1
S S"

(** kv«Y , m
«j O
^

ft O .
IB SF

l|
g 5f • •
ff* Wo wWE •
e?£
^W
'

Central
Tendency

E5*
8"
M

Central
Tendency

K
S"y •
PJ
9
&

Air Concent

2tion (mg/m3)

If* B
?J-t!i1'-

f » ~
s ff- n 2Y £ *
M* ~

Central
Tendency

¥r
i

C w^s
f*» jr

ft G

B "S

^ P

||

,

' •

'2 .'
, O5
.«

12
p S ' ' •i@
D C

25 5al̂°Ss•e w . .,
• *C 4fes« n5g
pM Z

f i'* SB ; g
O*" PSS ,L fa
'8| ESI w
?loss P™ «^§
llisii .
i • •C
E5
S:

ftRI0567l*



sExposure point soil concel

§
§

9
OJ

a
i
3*
c±iis analy

j«"

a Antimony
Total Petroleum Hydrocar

izard Index (Noncancer>

M

— to
SCA

00 'PJ P5
* oo

;

M OJ

- CA ^1
CA OO
PJ PI

<S OO

. \ «— OJ
CA UlCA va
PI PJ
•o/ 5

*.-
* ̂ o

- PI PI
•o. oo

• li.
£3 jo U

OJ ^ OJ

. § S2--
CA -J W»

aft
O 5^emicab Exhibiting

ncarchtogenic Effects

.^

Central
Tendency

3
94*o*

§•',a

.Central
Tendency

SB

fl

Air Concen

I
di

§

"a

1
O*

Ave
Dairy Dose

33
^ *i'

Snbchronic
Inhalation

Reference Dos
(mg/kg-day)

e»

Central
Tendene

•̂

8
a
q

1
9

tft
T

rfQ
£ >
JT . O'

|
I

,

. 1;

' " M

A.

; t
ioi
OJ .

&
I

5.0E401

«. o*

2 §,«• S

K) £:

23emicals Exhibiting
rcinogenic Effects

Central
1 
Tendency

f.

1

Central
Tendency

a
f
>

Air Concen

J -
?a
Ja •

»'•

Ufetime
Daily Dose

If» s
£•9
2,

Inhalation
y Cancer
Slope Factor
(mg/kg-day)-l

v

Central
Tendenr

-̂
B•**

i

Excess 1
tlfetime

f*:n o*

Ii

>oa

i.
9t •

r

RR105675



•RR10567 6



OO — O*
b\ Jk io
CA O O

o> > A
J* CA OV
PJ PJ PJ
O
CA CA

00 4̂  OJ

2

rt PI
1 3-
3* 3*
If

3§A* 2.
^3

I
i

ti
3

3

a

i

n

S?

?5

J
I |

3

!
3a3

o-o_i* 3 - *sr 2.
£ >

•

1

oo
OJ

oo

PI

O

2*
"

3
3*
PI

ii

it
i 3

Ii3 3

%

Ii•*>
3
«4>

a'

1M

'i
I

^

I'
S

T Cen
end tral

enc



Ki zt
5 T- •» b î &• B
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Sĝ»> -
2
O
B . '

? .
S
&.'• .

O,

?l
r" n

&

~ o . -
^ tloa QIfsf--k w g B 'D 3 R*
^ I

^̂ s.* cr> sn —x

£r .er '
fl

1.k«ii"

E%x
1
R
' M

W ,. c

|̂BJ

HadS
PJ G
kM 90
2 PJ£ rP3 Jk<-
CO 2

S °
S<=2 M
Ow^Scr O
C 2DITIONS-POT

BSURFACE
 SOI

^Sco s
2^go
c« g
H54SAREA
E CONST

90 •S
3
0ft

§

^
O
3"

p
£

/:'

*•

• ,

.

TABLE
 1-69

• ;

RRI05698



s • • .
mtB. ?sa a =

"0 3

oo

OJ IO

CA IO

. " • ?L
, - • ' i - l

5 • CA

4k OJ

siss^1
So

K>

11

IO — K>

CA

PJ

a 3*
ff o-
PJ 3-
3J
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APPENDIX!
. . ' . • " i

GROUNDWATER SOLUTE TRANSPORT MODELING

The nature and extent of chemical occurrences in groundwater at the Potomac Yard Site has been
described in detail in the ECS* In general, there were sporadic occurrences of a small number of
analytes in the upper aquifer with no correlation between upgradient and downgradient locations.
The free product currently being recovered from the Central Operations Area is the exception to
this general conclusion. Since this material is being remediated as part of a separate effort, it will
not be considered further here. Background groundwater samples were not obtained during the
ECS. The upper aquifer is not iised as a water supply for any purpose; there are no intentions to
use it in the future. An exposure pathway that links chemicals in site soils to surface water
through groundwater transport is possible at Potomac Yard. The potential receptors associated
with this pathway are recreational users of the Potomac River and the biota in the river.
Exposure could come through dermal contact or incidental ingestion of water by recreational
users and through direct or food-chain uptake by the biota. The objective of this section is to
investigate the nature of this pathway through the use of conservative solute transport modeling.

METHODS: ' • " • " : ' • - - . - . ' ' " . . ) ; " : . ; ' . - • • • "
The first step of the evaluative process was the selection of a group of chemicals of potential
concern. This was accomplished by comparing the concentrations in groundwater from the ECS
to EPA's chronic freshwater ambient water quality criteria. The criteria used in this assessment
are shown in Table J-l. Those chemicals with maximum concentrations that exceeded the
criteria were retained for further evaluation. The average Concentration of these chemicals in the
upper aquifer across the site was calculated and used as the input to the solute transport model.
Consistent with the remainder of the risk assessment, one-half the detection limit was used for
those chemicals with reported concentrations less than the detection limit The groundwater
solute transport model developed by Wilsoii and Milter (1978) and presented in EPA guidance
(EPA 1980,1985) was used in this modeling effort The model is a two-dimensional advection-
dispersion solute transport model that was run in a mode designed to yield the concentration of
chemicals of concern at the centroid of a potential plume down gradient from the source as a
function of time.

The model requires hydrogeological input parameters from the site in order to accurately predict
dispersion. RF&P's site investigation contractor, EarthTech, prepared a summary of relevant
parameters for the upper aquifer. The location of the wells for which hydrogeological parameters
were obtained with respect to the Potomac River potential receptors may be seen in Figure J-l.
Since there was little variability in hydrogeological parameters, average vajues of all parameters
were used. The average values are presented in Table J-2. Solute transport models typically

'
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^ require the designation of a source term. The source term is the primary linkage between the
i .• concentrations of chemicals of concern in the source and the groundwater. The source term
"̂ -X describes the duration of the source and the type of release (e.g., instantaneous or continuous).

Time frames associated with the source term are linked with the time dimension in the advection-
dispersion algorithms of the model At Potomac Yard, die source of the chemicals of concern in
groundwater is assumed to be the soil and ballast material. There is little support for this
hypothesis due to the lack of correlation between chemicals in groundwater and chemicals in the
ballast material; however, due to the lack of upgradient background measurements, the Site'soils
become a source by default. It is further assumed that the mechanism of release from this source
is dissolution of chemicals in infiltrating rainwater with subsequent transport through the
unsaturatecl zone to the groundwater. Thus, the source will remain active until infiltration is
prevented. The development of the Site will largely limit infiltration, resulting in source control;
however, the exact prediction of the impacts of development is beyond the scope of this risk
assessment -. . '

Due to the uncertainties surrounding precise definition of the source term, it was decided to run
the model in two modes. Hie first mode is a steady-state mode that assumes a continuous
source, constant concentrations at the monitoring wells, and an infinite reservoir of material that
could enter the groundwater. the results of the steady-state model are shown in Table J-3. The:
second mode is a time-dependent mode which assumes a finite, although unspecified, duration
for the release. This mode is implemented by first solving for the time that it would take for the
solute to reach its maximum concentration at the discharge point This time is subsequently

l ; input to the advection-dispersion algorithms to calculate the maximum concentration at the •
. r̂  discharge point. Unlike the steady-state algorithm, the time dependent algorithm requires

retardation factors as input parameters. Retardation factors were calculated from soiliwater
partition coefficients using site specific measurements of bulk density and porosity in the
equation presentee! in EPA (1985). Soil:water partition coefficients for inorganics were obtained
from Bae's (1984); coefficients for organics were calculated from literature values of organic
carbonrwater constants and a site-wide average value of organic carbon content. Table
J-4 presents the calculation of retardation factors for chemicals of concern. The results of the
time-dependent model are presented in Table J-5. In addition to the tabulated results,
representative time-concentration curve outputs for three representative chemicals are shown in
Figure J-2. For conservatism, neither modeling mode assumed chemical degradation or
precipitation.

In addition to the concentrations at the discharge point, the output of the model was used to
.calculate concentrations in the Potomac River. The river was assumed to act as a stream rather
than a tidal estuary and flow rates at Chain Bridge were conservatively assumed to represent flow
adjacent to the Site. In addition, groundwater discharge to the river was conservatively assumed
to occur over the entire length of the Site that parallels the river. The concentrations in the river
were calculated using simple dilution. No upstream concentrations were assumed to contribute
to the ultimate downstream concentration. These levels are also shown in Tables J-3 and J-5.

J-2
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DISCUSSION AND CONCLUSIONS

As noted in the ECS, the levels of chemicals in the upper aquifer are low and sporadically
occurring. The primary reason for this is probably the poor solubility of constituents in the
cinder-based ballast. As discussed in Appendix E, the maximum solubility of arsenic, the
chemical of potential concern occurring at the highest levels in the cinder based ballast, is only
10% in pH 2 hydrochloric acid and is likely to be substantially lower in groundwater withapH
near neutrality. In addition, groundwater flow under the Site is extremely slow and not likely to
result in substantial solute transport Regardless of its mode of operation, the results of the
groundwater modeling clearly demonstrate that transport by this pathway is insignificant. Using
the highly conservative assumption of a continuous and infinite source, the only two chemicals
that reach concentrations of concern at the discharge point (without dilution in the receiving
waters) are aluminum and iron at concentrations of approximately 590 ug/L and 2800 ug/L,
respectively. There is no evidence to suggest that these elements are site-related. Naturally
occurring concentrations in surface water have been reported up to 3500 ng/L for aluminum and
1400 ug/L for iron (Bodek et al. 1988).. Iron concentrations in groundwater are likely to be
substantially higher due to oxidation-reduction conditions (Bodek etal. 1988). Walton(1985)
reports aluminum and iron concentrations in groundwater at up to 100 and 10,000 ng/L, •
respectively.

The low levels of chemicals associated with the groundwater to surface water pathway
investigated in this evaluation lead to the conclusion that further evaluation either in the form of
risk assessment calculations or site investigation is not required.
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TABLE J-l

Chemical | Criteria (ug/L)

Aluminum -
Antimony
Arsenic (ID)
Arsenic (V)
Barium
Beryllium
Cadmium
Calcium
Chromium (III)
Chromium (VI)
Cobalt
Copper
Iron
Lead
Magnesium <
Manganese
Mercury
Nickel
Potassium
Selenium
Silver
Sodium
rhallium
Vanadium •
Zinc

87
30 **
190

• .. •
~
..

r -U +
—

210 +
11

.
12 +

1000
3.2 >
_

.
0.012
160 +
. ' _
5
mm

40 *
/

no +
2-Methylnaphthalene
Acenaphthene ,
Acenaphthylene
Anthracene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzofc Ju)perylene
Benzo(k)fluoranthene
Chrysene
)ibenz(a.h)anthraccne
Huoranthcne
luorene
ndcno(l,2,3-c.d)pyrene
Naphthalene
"henanthrene
*yrene

620 *,a
520 *

. ..
— '
..

" ..
.—
— •

. , _•
«..

1
' - ' .—

"
T-

620 *
6.3 **

-- . -'

2-MethyIbutane
2-Pentehe
Dihvdro-dimethyl- 1 H-Indene Isomer
Bis (2-ethylhexyl) phthalate

: „'-••• •
•

_,
160 *

Chemical Criteria (u&

Butylbenzvl phthalate
Di-N-butyl phthalate
Di-N-octyl phthalate
Diethyl phthalate
Dimethyl phthalate
1 ,2,4-Trichlorobenzene
1 ,2-Dichlorobenzene
1 ,3-Dichlorobenzene
1,4-Dichlorobenzene :
2,4,5-Trichlorophenol
2.4,6-Trichlorophenol
2,4-IMchlorophenol
2,4-Dimethylphenol
2,4-Dinitrophenol
2,4-Dinitrotoluene
2,6-Dinitroio!uene
2-Chloronaphthalene
2-Chlorophenol
2-Methylphenol
2-Nitroaniline
2-NitrophenoI
3,3'-Dichlorobenzidine
3-NitroaniHne
4,6-DinitrophenoI-2-Mcthvlphenol
4-Bromophenyl-phenyl ether
4-Chloro-3-Methylphcnol
4-Chloroaniline
4-Chlorophenylphenyl ether
4-Mcthylphenol
4-Nitroaniline
4-Nitrophenol
9H-Carbazole
icnzoic acid
Jenzyl alcohol
Bis (2-chloroethoxv) methane
Bis (2-chloroethyl) ether
Bis (2-chloroisopropyl) ether
)ibenzofuran
fexachlorobenzene
{exachforobutadiene •
lexachlorocyclopentadiene
Hexachloroethane " J
sophorone
N-Nitrosodi-N-propylamine
4-Nitrosodiphenylamine
4itrobenzene
'entachlorophenol
Phenol

160 *,b
160 *.b
160 *.b
160 *.b
160 -* b
50 *, c
50 *tc.
50 *.c
50-*;c
63 *» '
970*
365 *

-. ... •
— • .

230*
230 *.d
620 *, a

• —
— ."
— , •

150 *
— •- •-
—
— v\

—
—
—

• —
—.

150 *
—
... • •;
.mm

. . -. mm

-.
— '

' «
3.68 **
9.3 *
5.2 *
540 *
«

'. ' • . mm

m* . ;

— '
13***

2560 * f



TABLE J-l (Continued) ;

EPA FRESHWATER CHRONIC CRITERIA CONCENTRATIONS

Chemical t.«.̂ v Criteria (ug/L)

PCB 1016
PCB 1221
PCB 1232
PCB 1242
PCB 1248
PCB 1254
PCB 1260

0.014
0.014
0.014
0.014
0.014
0.014
0.014

4.4-DDD
4.4-DDE
4.4-DDT
Aldrin
alpha-BHC
alpha-Chlordane
beta-BHC
beta-Chlordane
Chlordane
delta-BHC
Dieldrin
Endosulfan I
Endosulfan II
Endosulfan sulfate
Endrin
Endrin aldehyde
Endrin ketone
gamma-BHC (Lindane)
Camma-Chlordane
Heptachlor
leptachlor epoxide
Methoxychlor
'oxaphene

0.001 e
0.001 e
0.001 e

• — •
0.08 f

0.0043 K
0.08 f

0.0043 *
0.0043
0.08 f

0.0019
0.056
0.056
0.056 h
0.0023
0.0023 i
0.0023 i
0.08

0.0043 f
0.0038
0.0038
0.03

0.0002

. 1 , 1 -Trichloroe thane
1 , 1 ,2,2-Tetrachloraoethanc
1 . 1 ,2-Trichlorocthane
,1-Dichloroethanc

1 . 1 -DichJoroethylene
,2-Dichloroethane
1.2-Dichloroethene (total)
,2-Dichloropropane
,2-DimethyIbenzene/o-Xylene
.3-DimethyIbenzene/m-Xylene
2-Butanone
2-ChIoroethylvinyl Ether
2-Hexanone
4-Methyl-2-Pentanone
Acetone
enzene
romodichloromethane

Bromoform

9400 *.i
2400 *
9400 *

, 20000 *,k
— '

20000 *
m. -,

5700 *
— 1
- I
— '•
— m
—

-. -.
•..'«. - •
.!•«.-. ^

— ' '

• ' —

; t Chemical Criteria (ug/L)
Volatllê (̂ >iitintt̂ rj!|OT̂ M̂ p̂̂ ^̂ ^̂ l̂̂ ^̂
Bromomethane
Carbon disulfide
Carbon tetrachloride
Chlorobenzene
Chloroethane
Chloroform
Chloromethane
cis- 1 5-Dichloroethylene/cis- 1 ,2-D
cis- 1 ,3-Dichloroprop ylene
Dibromochloromethane
Ethylbenzene
Methylene chloride
Styrene
retrachloroethylene
Toluene
trans- 1 ,2-Dich!oroethene
trans- 1,3-Dichloropropene
rrichloroethylcne
Vinyl acetate
Vinyl chloride
Xylenes (total)

— n
—
-—
50 *.c
— .

1240 *
•— o

• . —
- p
_
—
—
'«.
840 *
—
—

244 *.a
21900 *

-. —
—
,—

— No freshwater chronic critera concentration or L.O.E.L.
(Lowest Observed Effect LeveO

* VaJue is the L.O.E.L. (Lowest Observed Effect Level)
•* Proposed criteria
"** - pH Dependent criteria (7.8 pH used)
+ Hardness dependent criteria (100 mg/L Calcium Carbonate Usec
t Criterion used is for naphthalene
b Criterion used is for bis (2-ethylhexyl) phthalate
c Criterion used is for chlorinated benzenes
d Criterion used is for 2.4-dinitrotoluene
e Criterion used is for DDT
f Criterion used is for famma-BHC (Lindane)
g Criterion used is for chlordane
h Criterion used is for endosulfan I
i Criterion used is for endrin
j Criterion used is for 1.1,2-trichloroethane
k Criterion used is for 1.2-dichloroetbane

Criterion used is for xylenes •
m Criterion used is for chloroalkyl ethers
n Criterion used is for methyl bromide
o Criterion used is for methyl chloride
p Criterion used is for 13-dichloropropylene
q Criterion used is for dichloropropene
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TABLEJ-2

HYDROGEOLOGICAL PARAMETERS USED IN THE ASSESSMENT

Parameter

Velocity .

Aquifer Thickness
Distance from source to receptor

Aquifer width

x-dimension dispersion coefficient
y-dimension dispersion coefficient

Porosity

Value
4.4xlO"2m/day

. 10.7m
624m
Sxltfm
4.9mVday

0.5 mVday

0.4

Alt values are arithmetic means except porosity, aquifer thickness, and aquifer width, for which only single values
exist , (



TABLEJ-3

RESULTS OF STEADY-STATE SOLUTE TRANSPORT MODELING

Compound
Inorganics;
Aluminum
Antimony
Arsenic
Cadmium
Chromium
Copper ,
Iron
Lead
Mercury .
Nickel
Thallium
Zinc

Acenaphthene .
Phenanthrene \

Dieldrin

Criteria
(ufl/L)
IM
87
30
190
1.1
11
12

1000
3.2

0.012
160
40
HO

520
6.3

0.0019

Average Initial
Concentration

jcg/l)

6.626E+03
1.386E+01
3.961E+01
2.155E+00
2.247E401
2.741E*01
3.073E404
3.884E-K)!
1.269E-01
3.082E+01
3.220E+00

2.244E401
5.694E-KX)

Steady State
Concentration
Discharge

5.937E402
1.242E-KX)
3.549E400
1.931E-01
2.Q14E+00
2.456E+00
2.753E-M)3
3.480E400
1.137E-02
Z762E400
2.886E-01

2.011E+00
5.102E-01

Steady State
Concentration in
Potomac River

(ug/LL

6.3E-05
1.8E-04

l.OE-04
1.3E-04
L4E-01
1.8E-04
5.8E-07
1.4E-04
l̂ E-05
4.9E4

Criteria
(ug/L)

87
30
190
U
11
12

1000
3.2
0.012
160
40
110

0.0019

RRV05720



TABLE J-l
• •

RETARDATION FACTORS

Chemical

Aluminum
Antimony
Arsenic
Cadmium
Chromium
Copper
Iron
Lead
VIercury
Nickel
Thallium
Zinc

Dieldrin

Kd
ImL/g)

1500
45
200
6.5
850
35
25
900
10
150
1500
40

15.4
199

88.01

1.5
0.045
0.2

0.0065
0.85
0.035
0.025
0.9
0.01
0.15
1.5
0.04

0.0154
0.199

0.08801

ref

a
a
a
a
a
a
a
a
a
a
a
a

b
c

Rd
(retardation factor)

ifpî iiiPI
6400
190

29
3600
150
110
3800
' 44-
640
6400
170

66
850

380

(a) Baesetal. (1984).
(b) Karickhoff, S.W. (1980,1981). Naphthalene used as a surrogate. Averages of site-specific and

literature values were used in calculation of Kd . '
(c) Karickhoff, S.W (1980,1981). Averages of site-specific and literature values were used in

calculation of Kd .
<d)Briggs,G.G.(198I).



Chemical

Aluminum
Antimony
Arsenic
Cadmium
Chromium
Copper
Iron
Lead
Mercury
Nickel
Thallium
Zinc

Acenaphthene
Phenanthrene

Dieldrin

•Ŵ K

TABLE J-5

RESULTS OF TIME-DEPENDENT MODEL

Average
Initial

Concentration
(ne/L)

6.626E+03
1.386E+01
3.961E+01
2.155E+00
2.247E+OI
2.741E+01
3.073E+04
3.884E+01
1.269E-01
3.082E+OI
3.220E+00

2.244E+01
5.694E+00

5.370E-02

Time to Achieve
Maximum

Concentration
(years)

250000
7400
33000
1100
140000
5800
4300
150000
1700
25000
250000

2600
33000

15000

Maximum Discharge
Concentration (Cmax)

(ne/L)

1.497E-02
1.055E-03
6.739E-04
1.075E-03
9.028E-05
2.643E-03
4.040E+00
1.478E-04
4.172E-05
6.965E-04
72TJE46
9J138E-DO

4.917E-03
9.688E-05

2.044E-06

River Concentration
at Cmax (ug/L)

7.6E-07
5.4E-08
3.4E-08
5.5E-08
4.6E-09
1.3E-07
2.1E-04
7.5E-09
2.1E-09
3.6E-08
3.7E-10

l.OE-10

Criteria
(ne/L)

87
30
190
1.1
11
12

1000
'3.2
0.012
160
40
110

0.0019
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APPENDKK

POTENTIAL INGESTION RISKS TO LANDSCAPE WORKERS
UNDER FUTURE LAND-USE CONDITIONS
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APPENDIXK

POTENTIAL INGESTION RISKS TO LANDSCAPE WORKERS UNDER FUTURE
LAND-USE CONDITIONS

The purpose of this evaluation is to evaluate direct contact exposures to landscape workers who
might be routinely exposed to native soil (i.e., soil without cinder-based ballast) left in place after
development Direct contact with native soil material could potentially occur if native soil were
used to support landscaping vegetation without the addition of topsoil. Of the two components
of direct contact, i.e. ingestion and dermal absorption, the ingestion pathway is focused upon in
this appendix. Dermal exposure is a minor pathway at this site and this is discussed in more
detail in Appendix L. . ,

' " , '
Potential ingestion exposure in all of the areas after final development was evaluated, with the
exception of the Central Operations Area. Central Operations was not included in this evaluation
because this area will be dominated by high density development, including a new Metro station.
Thus, minimal landscaping activities are anticipated to occur in this area, which will be
predominantly paved and developed. Data from sampling depths of 3 to 8 feet were used to
represent chemical concentrations in native soil without the presence of under-based ballast
material in the North Tail Area, North Yard Area, South Yard/South Tail Area, and Slaters Lane.
In the Potomac Greens Area, data from the 0-3 foot depth was believed to best represent native
soil without the presence of ballast material. Dermal exposure to chemicals in soil is considered
to be a minor pathway and therefore was not quantitatively evaluated in this appendix. A more ,
detailed discussion on the potential risks associated with dermal contact is discussed in Appendix
L. ' . ' /' ' .. ' -t - - .

* . i
The exposure equation and parameters used to quantify the incidental ingestion of native soil by
landscape workers are provided on Table K-l. The exposure frequencies, soil ingestion rates,
absorption, body weight, and averaging times are the same as those used to evaluate construction
worker exposures in this risk assessment The central tendency soil ingestion rate of 34 mg/day
was used based on the best estimate of the population mean from Thompson and Burmaster
(1991). The central tendency exposure frequency was based on EPA (1991) guidance, with the
assumption that 20 additional work days are lost on average due to holidays and sick leave. The
remaining exposure parameters are based on EPA guidance (1991).

The FI term and central tendency exposure duration were made more specific to a landscape
worker. It was assumed in the high end case that a landscape worker would be in direct contact
with soil for nine months of year, from March until November, During the winter months of
December through February, plants and shrubs would be mulched and no maintenance would be
required. This period of exposure is reflected by an FI term of 0.75. The central tendency FI
term was derived by decreasing the high end FI term by 20%. In the case of exposure durations,
the reasonable maximum exposure duration of 25 years is based upon EPA guidance. The

AR105725



central tendency value of 7.5 years was derived by developing a ratio based upon EPA's 30 year
reasonable maximum and 9 year average exposures for residential scenarios and a 25 year
reasonable maximum exposure for a worker in the following manner: (9)(25)/(30) * 7.5.

Tables K-2 though K-6 summarize the Chemical concentrations, Lifetime Average Daily Doses
(LADDs), Average Daily Doses (ADDs) and resulting risk* estimates for the central tendency and
high-end exposure scenarios, these risks are summarized and discussed in Section 3.4 by
development area.

REFERENCES

Environmental Protection Agency (EPA). 1991a. Human health evaluation manual, .
supplemental guidance: Standard default exposure factors. Memorandum from Timothy
Fields, Jr., Acting Director, Office of Emergency and Remedial Response and Bruce
Diamond, Director, Office of Waste Programs Enforcement. OSWER Directive 9285.6-30.
May25,1991.

Thompson, K.M. and Bunnaster, D.E. 1991. Parametric distribution for soil ingestion by
children. Risk Anal. ll(2):339-342.

K-2
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TABLE K-l

FUTURE LAND-USE CONDITIONS
INTAKE PARAMETERS FOR THE INGESTION PATHWAY EVALUATION

n ;, 'n , ,t'' i ^ (CS)(ABS)(.IR)(10-*HFI)(EF)(ED)Averagt Daily Dose (mgtkg-day) = -— ' /nnr>//^ —~—~(BW){AT)

Parameter

CS- Concentration in Soil (mg/kg)

IR- Ingestion Rate (mg/day)

ABS- Absorption Factor (d)

Fl* Fraction of Ingestion from
Contaminated Source Area (e)

EF* Exposure Frequency (days/yr)

ED* Exposure .Duration (years)

BW - Body Weight (kg) (c)

AT* Averaging Time (days) (c)
Noncarcinogens
Carcinogens

Landscape Worker

Centra!
Tendency

>>
34(b)

1.0,

0.60

230(0

7.5 (g)

70

365 x ED
25,550

High End

00
100 (c)

!•<*

0.75

250 (c)

25 (c)

70

365 x ED
25,550-

(a) Concentration in soil is chemical - and area-specific.
(b) Best estimate of population mean from Thompson and Burmaster (1991).
(c) Based on EPA guidance (EPA 1991).
(d) The use of an absorption factor of 1.0 assumes that die chemical will be as bioavailable in a soil matrix as it was in the dietary

matrix of the toxicity study from which the toxicity criterion was derived.
(e) The high-end value'of 0.75 represents the assumption that a landscape worker will come in direct contact with soil over a nine

month period (three winter months excluded). The average value of 0.6 was derived by decreasing the high-end value by 20%.
(0 Derived from EPA guidance (EPA 1991) with the assumption that 20 additional work days are lost on average due to holidays and

sickleave.
(g) For the central tendency case for a worker, 7.5 yean was derived by developing a ratio based upon EPA's 30 year reasonable

maximum and 9 year average exposures for a residential scenario, and a 25 year worker reasonable maximum exposure (EPA
1991) in the following manner (9X23X30. .
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APPENDIXK
• • • ' • " ' . • • • ' - ' • •

POTENTIAL INGESTION RISKS TO LANDSCAPE WORKERS UNDER FUTURE
LAND-USE CONDITIONS

The purpose of this evaluation is to evaluate direct contact exposures to landscape workers who
might be routinely exposed to native soil (i.e., soil without cinder-based ballast) left in place after
development Direct contact with native soil material could potentially occur if native soil were
used to support landscaping vegetation without the addition of topsoil. Of the two components
of direct contact, i.e. ingestion and dermal absorption, the ingestion pathway is focused upon in
this appendix. Dermal exposure is a minor pathway at this site and this is discussed in more
detail in Appendix L.

Potential ingestion exposure in all of the areas after final development was evaluated, with the
exception of the Central Operations Area. Central Operations was not included in this evaluation
because this area will be dominated by high density development, including a new Metro station.
Thus, minima] landscaping activities are anticipated to occur in this area, which will be
predominantly paved and developed. Data from sampling depths of 3 to 8 feet were used to
represent chemical concentrations in native soil without the presence of under-based ballast
material in the North Tail Area, North Yard Area, South Yard/South Tail Area, and Slaters Lane.
In the Potomac Greens Area, data from die 0-3 foot depth was believed to best represent native
soil without the presence of ballast material. Dermal exposure to chemicals in soil is considered
to be a minor pathway and therefore was not quantitatively evaluated in this appendix. A more
detailed discussion on the potential risks associated with dermal contact is discussed in Appendix
L. ' . - . ' - •' - . ' " ,'• . ' ' " . . *

The exposure equation and parameters used to quantify the incidental ingestion of native soil by
landscape workers are provided on Table K-l . The exposure frequencies, soil ingestion rates, -
absorption, body weight, and averaging times are the same as those used to evaluate construction
worker exposures in this risk assessment. The central tendency soil ingestion rate of 34 mg/day
was used based on the best estimate of. the population mean from Thompson and Burmaster
(1991). The central tendency exposure frequency was based on EPA (1991) guidance, with the
assumption that 20 additional work days are lost on average due to holidays and sick leave. The
remaining exposure parameters are based on EPA guidance (1991). .

The FI term and central tendency exposure duration were made more Specific to a landscape
worker. It was assumed in the high end case that a landscape worker would be in direct contact

, with soil for nine months of year, from March until November. During the winter months of
December through February, plants and shrubs would be mulched and no maintenance would be
required. This period of exposure is reflected by an FI term of 0.75. The central tendency FI
term was derived by decreasing the high end FI term by 20%. In the case of exposure durations,
the reasonable maximum exposure duration of 25 years is based upon EPA guidance. The

'
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central tendency value of 7.5 years was derived by developing a ratio based upon EPA*s 30 year
reasonable maximum and 9 year average exposures for residential scenarios and a 25 year

V -/ reasonable maximum exposure for a worker in the following manner: (9)(25)/(30) - 7.5.
• ' W I ' " | ' . • • • ' - . _ -

, • • • ' • . ' - . • ' . 1 • . •

Tables K-2 though K-6 summarize the chemical concentrations, Lifetime Average Daily Doses
, (LADDs), Average Daily Doses (ADDs) and resulting risk estimates for the central tendency and

high-end exposure scenarios. These risks are summarized and discussed in Section 3.4 by
development area.

.. . . . .
Environmental Protection Agency (EPA). 1991a. Human health evaluation manual,

v supplemental guidance: Standard default exposure factors. Memorandum from Timothy
. f Fields, Jr. , Acting Director, Office of Emergency and Remedial Response and Brace
J» Diamond; Director, Office of Waste Programs Enforcement. OSWER Directive 9285.6-30.

May 25, 1991. , ^
• - •Thompson, K.M, and Burmaster, D.E. 1991. Parametric distribution for soil ingestion by

- children. Risk Anal. ll(2):339-342.
: v ' . - ' : . - : . . • - • • • • ' - • ' - , V . . . • ' : ! . . ' . • : . . -
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TABLE K-l

FUTURE LAND-USE CONDITIONS
INTAKE PARAMETERS FOR THE INGESTION PATHWAY EVALUATION

(3W)(AT)

Parameter

CS-,
IR-

ABS-

Fl-

EF-

ED-

BW-

AT-

Conccntration in Soil {mg/kg)

Ingestion Rate (mg/day)

Absorption Factor (d)

Fraction of Ingestion from
Contaminated Source Area (e)

Exposure Frequency (days/yr)

Exposure Duration (years)

Body Weight (kg)(c) ,

Averaging Time (days) (c)
Noncarcinogens •
Carcinogens

Landscape Worker

Central
Tendency

(a)
34(b)

1.0

0.60

230(0

7.5 (*)

70

365 x ED
25.550

High End

«
100 (c)

1.0

0,75

250 (c)

25(c)

70

' 365xED
25,550

(a) Concentration in soil is chemical - and area-specific.
(b) Best estimate of population mean from Thompson and Burmaster( 1991).
(c) Based on EPA guidance (EPA 1991).
(d) The use of an absorption factor of 1.0 assumes that the chemical will be as bioavailable in a soil matrix as it was in the dietary

matrix of the toxicity study from which the toxicity criterion was derived.
(e) The high-end value of 0.75 represents the assumption that a landscape worker will come in direct contact with soil over a nine

month period (three winter months excluded). The average value of 0..6 was derived by decreasing the high-end value by 20%. .
(f) Derived from EPA guidance (EPA 1991) with the assumption that 20 additional work days are lost on average due to holidays and

sickleave. ,
(g) For the central tendency case for a worker, 7.5 years was derived by developing a ratio based upon EPA's 30 year reasonable

maximum and 9 year average exposures for a residential scenario, and a 25 year worker reasonable maximum exposure (EPA
1991) in the folio wing manner (9X25X30.

ARI05735



- • — -• • = • oo

X
\ ' fia> Jpa2 K *-8?

2
Ex
ce
ss
 U
p

Li
fe
ti
me
 Ci

b

a

=rH* H

"M

E

B

•£•••£• • _ I ^

fib

K

W

S

C c£ £

ea M
.£ *™
£«

jSi
S<3

9
*»

1

UJs

|
JK

2 gT 2
*0 S

j<
£
••K
tE:
6
i
-H£s
c *S«t B
"#

8
fig*"
8^t

C :' S,
O

«.

^

•2

c

C

ai

fid

E

irden enC T

•'B
W

K

fi£ fi«
£ £
<C BK r,63 g
J2 e

S UJ

m .
U M U

v» —
S u

o2sSCh

e -

s
o

OO
<S

M

I
CO »̂8 t_£ **-6 e

B
O

JJ

=•c51 | =
1 B| siS£ S

S

s.
m
g
.£
€
e

1
<C.
oo
en

Isu
s.1
2.

s.£

ARl05736



•aa
1
iM

.*

•8
a.(j

U e
Ex Li
f

•9aEd
ja01
2

en
tr
al

Te
nd
en
cy

h l-
35
31!Cli*_ _ _ _ , , ̂ _ «•

rs-2 §1 ~ I 3 SO w Al. I o

of MEft
2S„ —. - . a ̂ H

3

a

a

•oatd
bJD

>>
.1•** Mfl ̂ 3s*

3 «
a-9§ X
•mm «
00

o
S

a

oooo
en

O

oo

oo

o

«
O

a_et

I• a
3ao
Z

a
Ed
J3a
2

tr
al

Te
nd
en
cy

3a >>
t.«

Cb
r

*tu
-<

S|«i=| ̂ ^^^^« ^

' S<w
• a

So
il
 C
a
Ed

3

1

flEd
JOoc
3

3 8
Ed ̂
•a 3
^5a ?« a
J3 O
02

td cd u) tdM en (S <S
9

»T *
tU U) CM tU - CU

<>| mm fN| Ift V) **» OO

** * 1 *""
u) td tu tu u)

00 ——

00 00
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APPENDKK
. • - ' - ' " . ' • ' " . . ' , ' - . " • - • ' . •

POTENTIAL DIGESTION MSKS TO LANDSCAPE WORKERS UNDER FUTURE
LAND-USE CONDITIONS

The purpose of this evaluation is to evaluate direct contact exposures to landscape workers who
might be routinely exposed to native soil (i.e., soil without cinder-based ballast) left in place after
development Direct contact with native soil material could potentially occur if native soil were
used to support landscaping vegetation without the addition of topsoil. Of the two components
of direct contact, i.e. ingestion and dermal absorption, the ingestion pathway is focused upon in
this appendix. Dermal exposure is a minor pathway at this site and this is discussed in more
detail in Appendix L. /

Potential ingestion exposure in all of the areas after final development was evaluated, with the
exception of the Central Operations Area. Central Operations was not included in this evaluation
because this area will be dominated by high density development, including a new Metro station.
Thus, minimal landscaping activities are anticipated to occur in this area, which will be
predominantly paved and developed. Data from sampling depths of 3 to 8 feet were used to
represent chemical concentrations in native soil without the presence of under-based ballast
material in the North Tail Area, North Yard Area, South Yard/South Tail Area, and Slaters Lane.
In the Potomac Greens Area, data from the 0*3 foot depth was believed to best represent native
soil without the presence of ballast material. Dermal exposure to chemicals in soil is considered
to be a minor pathway and therefore was not quantitatively evaluated in this appendix. A more
detailed discussion on the potential risks associated with dermal contact is discussed in Appendix

'

The exposure equation and parameters used to quantify the incidental ingestion of native soil by *
landscape workers are provided on Table K-l . The exposure frequencies, soil ingestion rates,
absorption, body weight, and averaging times are the same as those used to evaluate construction
worker exposures in this risk assessment The central tendency soil ingestion rate of 34 mg/day
was used based on the best estimate of the population mean from Thompson and Bunnaster
(1991). The central tendency exposure frequency was based on EPA (1991) guidance, with the
assumption that 20 additional work days are lost on average due to holidays and sick leave. The
remaining exposure parameters are based on EPA guidance (1991).

• i ' ' * . '
The FI term and central tendency exposure duration were made more specific to a landscape
worker. It was assumed in the high end case that a landscape worker would be in direct contact
with soil for xu'ne months of year, from March until November. During the winter months of
December through February, plants and shrubs would be mulched and no maintenance would be
required. This period of exposure is reflected by an FI term of 0.75. The central tendency FI
term was derived by decreasing the high end FI term by 20%. In the case of exposure durations,
the reasonable maximum exposure duration of 25 years is based upon EPA guidance. The

. • :;••. ._ , ' _ • . K - i ' . • ' . , ' • . • . . . . ; . - . - • • . .
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central tendency value of 7.5 years was derived by developing a ratio based upon EPA's 30 year
' reasonable maximum and 9 year average exposures for residential scenarios and a 25 year

\ J reasonable maximum exposure for a worker in the following manner: (9X25y(30) - 7.5.~̂ f̂ T' ' .. • " . •
Tables K-2 though K-6 summarize the chemical concentrations, Lifetime Average Daily Doses >
(LADDs), Average Daily Doses (ADDs) and resulting risk estimates for the central tendency anc!
high-end exposure scenarios. These risks are summarized and discussed in Section 3.4 by
development area.

REFERENCES* . . .
Environmental Protection Agency (EPA). 1991a. Human health evaluation manual,
supplemental guidance: Standard default exposure factors. Memorandum from Timothy
Fields, Jr., Acting Director, Office of Emergency and Remedial Response and Bruce
Diamond, Director, Office of Waste Programs Enforcement. OSWER Directive 9285.6-30.
May25,1991.

Thompson, K.M. and Burmaster, D.E. 1991. Parametric distribution for soil ingestion by
children. Risk Anal. ll(2):339-342.

K - 2 / ; ' ; . : .
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TABLEK-1

FUTURE LAND-USE CONDITIONS
INTAKE PARAMETERS FOR THE INGESTION PATHWAY EVALUATION

n ,/ h , ,«. s * -Average Daily Dose (mglkg-day\ =
(BW)(AT)

Parameter

CS - Concentration in Soil (mg/kg)

IR * Ingestion Rate (mg/day)

ABS- Absorption Factor (d)

Fl - Fraction of Ingestion from
Contaminated Source Area (e)

EF • Exposure Frequency (days/yr)

ED- Exposure Duration (years)

BW- Body Weight (kg) (c)

AT- Averaging Time (days) (c)
Noncarcinogens
Carcinogens

\

Landscape Worker

Central
Tendency

(a)
34(b)

.1.0

0.60

230(0

7.5(g)

70

365 x ED
25,550

High End

(a)
100 (c)

1-0

0.75

250 (c)

25(c)

70

365 x ED
25,550

(a) Concentration in soil is chemical - and area-specific.
(b) Best estimate of population mean fix)m Thompson and Burmastcr (1991).
(c) Based on EPA guidance (EPA 1991). - . .
(d) The use of an absorption factor of 1.0 assumes that the chemical will be as bioavailable in a soil matrix as it was in the dietary

matrix of the toxicity study from which the toxicity criterion was derived.
(e) . The high-end value of 0.75 represents the assumption that a landscape worker will come in direct contact with soil over a nine

month period (three winter months excluded). The average value of 0.6 was derived by decreasing the high-end value by 20%.
(0 Derived from EPA guidance (EPA 1991) with the assumption that 20, additional work days are lost on average due to holidays and

sicklcave. •
(g) For the central tendency case for a worker, 7J5 years was derived by developing a ratio based upon EPA's 30 year reasonable

maximum and 9 year average exposures for a residential scenario, and a 25 year worker reasonable maximum exposure (EPA
1991) in the following manner (9X25)/30. ,
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THE DERMAL ABSQRPTION PATHWAY

Dermal absorption of chemicals of potential concern at the Potomac Yard Site is an additional
potential route of exposure. As has been discussed in Appendix J, chemicals potentially
migrating in groundwater will be below ambient water quality criteria in receiving waters. The
predicted concentrations are therefore so low that potential dermal exposures would be negligible
and not pose health concerns. Dermal exposure to chemicals in soil is the remaining dermal
pathway.

For a chemical that is initially bound to soil to be dermally absorbed, it must be desorbed from
the soil and transported through the stratum comeum. This is in contrast to water where
chemicals already exist in an unbound and more bioavailable form. Each of the chemicals of
potential concern in soil at the site is discussed below. Screening calculations are also presented
where the literature yielded reliable values for dermal absorption coefficients.

Antimony

No data were located regarding dermal absorption of antimony in humans or laboratory animals.

Arsenic .

There is no evidence of dermal absorption of inorganic arsenic in humans (EPA 1984, ATSDR
1993 a, IARC 1980). EPA (1984) states that "arsenic uptake through the skin appears to be a
minor route of exposure." IARC (1980) notes that inorganic arsenic compounds are poorly
absorbed through the skin even when administered in a lipid vehicle. As is shown in Appendix
E, the form of arsenic (i.e., arsenate) found at the Potomac Yard Site is poorly soluble in water,
with a maximum of 10% dissolving in pH 2 hydrochloric acid. This is substantially lower than
the pH of human perspiration (Brobeck 1979). Since arsenate solubility is inversely related to
pH, less than 10% is likely to be liberated when ballast material comes into contact with human
skin. . v •

Cadmium
1 ' ,' *. '

EPA (1992) and Wester et al. (1993) report dermal absorption of cadmium from soil with an
average absorption of 0.1% for 12 samples. The basis of this value is a series of experiments in
which soil was spiked with radio-labeled cadmium chloride. Although the exact form of
cadmium at the site is unknown, it is associated with cinder-based ballast and is likely to be less
soluble and; therefore, less bioavailable than cadmium chloride which is highly soluble in water.
Therefore, as a conservative measure, several screening calculations were performed on the
dermal uptake of cadmium. Potential risks to both interim and future construction workers were

',•"(* v
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evaluated using the highest high-end exposure point concentration of 1.49 mg/kg identified in the
,0-3 feet depth interval of North Yard. In addition, potential risks to future landscape workers
were evaluated using the highest high-end cadmium concentration of 0,868 mg/kg in the 3-8 feet
depth interval of North Yards. Average daily dose (ADD) estimates for dermal contact with
cadmium in soil were calculated using the equation below:

where: • ; . . . ' - ' • - ' - . . . . ' . . • • ' ' • • • " • - ' • . ' . . • :
C*SA*AF*Ab*EF.ED*CF*FC

BW*AT*Days .

average absorbed daily dose (mg/kg-day),
C, = chemical concentration in soil (mg/kg),
SA •» skin surface area available for contact (cmVday),
AF = soil-to-skin adherence factor (mg/cm2), :
Ab = dermal absorption fraction (unitless),
EF --« frequency of exposure events (days/year),
ED ** . - - duration of exposure (years),
CF =\ conversion factor (1 kg/106 mg),
FC * fraction contacted from source area (corresponds to FI term) ,
BW = average body weight (kg),
AT = averaging time (duration of exposure for noncarcinogens), and
Days = conversion factor (365 days/year).

The parameters for landscape arid constructions workers are presented in Table L-l. The
parameters describing frequency (EF), duration of exposure (ED), body weight (BW), and
fraction contacted from the source area (FC) which corresponds to the fraction ingested (FI) are
identical to those used for estimating ingestion of soil in this risk assessment. Parameter values
that differ between the two scenarios for each receptor include the amount of chemical
absorption, the amount of soil accumulation, and the area of exposed skin. For both a landscape
and construction worker, it is assumed that the skin surface area (S A) available for contact is
1,800 cmVday, which represents roughly 10% of the total body surface of an adult. The
recommended default soil-to-skin adherence factor (AF) of 1.0 mg/cm2 is used (EPA 1989). As
stated previously, a dermal absorption factor of 0.1% (0.001) is used.

The ADDs and resulting hazard quotients for cadmium exposure are presented in Table L-2.
Because EPA has not developed a dermal health effect criterion for cadmium, the oral RFD
developed for nonaqueous exposure to cadmium was modified to an absorbed dose. This is '
because the exposure estimated for the dermal absorption pathway is the absorbed dose. The
RFD is adjusted by multiplying it by the observed absorption efficiency. Relative absorption is
usually contingent upon the vehicle used to administer the chemical in the study (e.g., drinking
water, diet). In the case of cadmium, an oral absorption factor of 6% is used based on the whole-
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body cadmium retention 20 days following dietary exposure to cadmium to humans {ATSDR
1993b). . '

- * *- • . • • . - • - • •
As shown in Table L*2, the hazard quotients for the landscape worker, and the construction
worker during both interim and future land use conditions are significantly less than 1, indicating
that adverse noncarcinogenic effects are unlikely to occur.' .

Chlordane/Dieldrin
• - . , - ' ' - • •

No data were located regarding dermal absorption of dieldrin from soil by humans or laboratory
animals. Wester et al. (1993) reported that 4.2% of applied chlordane in soil was absorbed by
rhesus monkeys compared to 0.34 % absorbed through human skin in vitro. Screening-level
risks were predicted for workers exposed to chlordane in soil using the conservative dermal
absorption value of 4.2%. The potential for both carcinogenic and noncarcinogenic effects were
evaluated, because EPA has developed health effects criteria for both endpoints. Lifetime average
daily dose (LADD) and ADD estimates for dermal contact with chemicals in soil are calculated using
the equation below: .

(L)ADDa
V BW*AT*Days

where all parameter definitions are identical to those presented previously, except for

LADD.bg a lifetime absorbed average daily dose (mg/kg-day), and
AT . - averaging time (70 years for carcinogens, duration of exposure for

noncarcinogens).

The parameters for landscape and constructions workers are presented in Table L-l. All
exposure parameters are identical to those used for estimating ingestion of soil. For both a
landscape and construction worker, a skin surface area (SA) of 1,800 cmVday, and the
recommended default soil-to-skin adherence factor (AF) of 1.0 mg/cm2 are used (EPA 1989). An oral
absorption factor of 80% was obtained from ATSDR (1991), and is based on the absorption efficiency
observed in rats. Additionally, the exposure point concentrations used in the dermal absorption pathway
are the highest high-end chlordane concentrations identified in the North Yard area.

The LADDs, ADDs and resulting risk estimates are presented on Table L-2. Similar to cadmium, the
oral cancer slope factor and RFD for chlordane were modified into an absorbed dose. The cancer slope
factor was adjusted by dividing it by the oral absorption efficiency, whereas the RFD was adjusted by
multiplying it by the absorption efficiency, As shown on Table L-2, the excess Ufetime cancer risks for
the dermal pathway are in the range of 10** to IO4, well below EPA's target risk range of 10"* to 10*. In
addition, the hazard quotients were less than 1 for both landscape and construction workers, indicating
that noncarcinogenic effects are unlikely to occur.
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Mercury ' • ' • .. .',"'••-..'";-.*. zv , . . ;.'

Although the absorption of mercury vapor and mercury used in cosmetics through the skin is
well documented, there are no data on absorption of ionic mercury from soil.

Thallium

No data were located regarding dermal absorption of thallium in humans or laboratory animals.

Total Petroleum Hydrocarbons

Data are limited regarding the absorption of total petroleum hydrocarbons in the form of fuel oil
in humans. ATSDR (1993c reports that kerosene was absorbed when a protective gel was used
in the application, but not when the kerosene was applied without the gel. Abdel-Rahxnan et al.
(1993) found that soil diminished the bioavailability of aromatic components of petroleum
compared to pure material as did volatilization from the soil. EPA (1992) reported the results of
an experiment with dermal absorption of soil-bound hexadecane, a component of medium
distillate fuels. The results, which have not been peer reviewed, suggest that between 0 and 0.3%
of the hexadecane was absorbed, with 91% of it volatilizing into the air. EPA (1992) also
reported the results of a series of experiments in laboratory animals using soil that had been
spiked with aromatic petroleum components, however, they concluded that the experimental
conditions were such that use of the results in environmental risk assessments would lead to
inaccurate conclusions. These studies all suggest that percutaneous absorption of petroleum is
likely to be extremely low, if not non-existent

Most of the chemicals of concern at Potomac Yard are inorganics. In general, inorganics, with
the exception of cadmium and mercury are very poorly absorbed, and no reliable evidence exists
to document the completeness of this pathway. In addition, the inorganic compound must first
be liberated from the soil matrix prior to absorption. The matrix at Potomac Yard consists
mostly of cinder-based ballast which prevents the desoiption and solubilization of most
inorganics. Organics are absorbed by different mechanisms from inorganics. This route may
constitute a significant pathway of exposure for some organics. In summary, screening
calculations performed with cadmium and chlordane show that construction workers dermally
exposed to these chemicals in soil are unlikely to experience adverse health effects under both
interim and future land use conditions. In addition, hypothetical future landscape workers are not
at risk of developing adverse carcinogenic or noncarcinogenic effects due to cadmium or
chlordane at the Potomac Yard Site. This analyses indicates that, overall, dermal exposure
constitutes a minor potential route of exposure for scenarios evaluated at Potomac Yard.

L-4
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w
Railroad Company

July 13, 1995

Mr. JeffDodd :
li. S. Environmental Protection Agency, Region ffl
Removal Enforcement Section (3HW33)
Hazardous Waste Management Division
33 Methodist Building ,
llth and Chapline Streets
Wheeling, West Virginia 26003

Dear Mr. Dodd: '

As a follow-up to the July 7, 1995 conference call regarding potential use of
ground water beneath Potomac Yard as a drinking source, the Richmond,
Fredericksburg & Potomac Railroad Company has prepared this summary of the
information presented in that conference call. The information addresses current
use of ground water for the City of Alexandria water supply, as well as the nature
of the Middle Potomac aquifer. '

The points noted below were made during the conference call. Sources of the
information presented are shown in italics.

* Although the City of Alexandria does not prohibit the installation of
private water supply wells, the City does actively discourage such
installation. The City of Alexandria Municipal Code does include a
section requiring hook-up to existing utilities where they exist (as at
Potomac Yard); although exceptions are possible, such exceptions would
have to be approved by the City. The City of Alexandria is served by
public water supply from the Virginia American Water Company. The
source of water is die Occoquan Reservoir located approximately 15 miles
southwest of Alexandria.

• The ground water monitoring well whose metal and organics results were
of concern in EPA's 5/11/95 and 6/22/95 comment letters, GW-70D, is
screened in the Middle Potomac Aquifer. The only aquifer that may be
used for drinking water supply in Alexandria is the* Lower Potomac,
Aquifer, which is separated from the Middle Potomac Aquifer by Lower
Potomac Confining Unit, a 20- to 60-feet thick layer comprised of
Arundel clay.

Afcl05760
Main Street Centre * 23rd Floor * 600 East Main Street • Rict .tond. Virginia 23219
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Mr. JeffDodd
July 12, 1995

Two emergency public water supply wells are screened in the Lower
Potomac Aquifer. N These emergency wells are used by the Virginia
American Water Company as supplemental water supply in periods of
drought They were last used in 1988, when they produced 40 million
gallons of water. As Bill Skrabak of the Alexandria Health Department
noted in our July 7 conference call, the Virginia American Water
Company has no plans to use the Lower Potomac Aquifer for the next 20
to 30 years (except as backup supply). According to Bill Hardy of the
Virginia American Water Company, the Lower Potomac Aquifer is
incapable of serving as a sole source water supply. A study conducted in
late 1970s concluded that the Lower aquifer yielded 50-60% of the amount
of water required to supply the City of Alexandria.

• Yield capacity of the Middle Potomac Aquifer is significantly lower than
that of the Lower Potomac Aquifer. As shown in Table 2-7 of the
Potomac Yard Extent of Contamination Study Report, wells within
Alexandria which are screened in the Middle Potomac Aquifer and for
which yield and well depth information is available (wells 7 and 10 on
Table 2-7), show yields 1/4 or less that of the two emergency supply wells
screened in the Lower Potomac Aquifer (wells 1 and 11 on Table 2*7).
Regional data from the U. S. Geological Survey show average yields for
wells screened at depths characteristic of the Middle Potomac Aquifer are
found to have yields 1/6 to 1/3 the average yields found in the Lower
Potomac Aquifer. (See Table 4 on attached reprinted page from Geology
and Ground Water Resources of Washington, D.C, and Vicinity,
Geological Survey Water Supply Paper 1776.)

Wells installed by Virginia American Water Company to test potential
water yields (wells No. 5 and 6 on ECS Table 2-7) were not screened in
the Middle Potomac Aquifer, only in the Lower Potomac Aquifer. This
fact suggests the Middle Potomac Aquifer was not considered a viable
water supply source by the Virginia American Water Company. (NOTE:
Well No. 5 was screened as shallow as 230 feet below ground surface.
Although the Middle Potomac Aquifer extends to a depth of 240 feet bgs
in the southern portion of Alexandria, the Middle Potomac Aquifer is
shallower further north at Potomac Yard. At well No. 5, the Middle
Potomac Aquifer extends only to a depth of about 190 feet bgs.)
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Mr. JeffDodd
July 12, 1995
Page 3

For the reasons stated above, RF&P believes future use of the Middle Potomac
Aquifer as a drinking water supply is not practical or likely to occur. If you have
any questions, please contact me at (804) 225-1608 or Chuck Hippo of EARTH
TECH at (804) 358-5400.

Sincerely,

Scott A. Slagley
Manager - Environmental Programs

cc: Bill Skrabak, City of Alexandria
Dave Kargbo, U. S. EPA Region ffl
Joan Decker Kelsch, Arlington County
Cynthia Sales, Virginia Department of Environmental Quality

' - . ' - • .1 i • - • . - • • • : • • . - . ' - • •
A ! ' " • • ' • • • • • ' . . . - ' • . ' . " • , . . ' . . . • • • :
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Mr. JeffDodd
July 12,1995
Page 4

bcc: Keith Brinker, CSX Transportation
Henry D. Light, Norfolk Southern Corporation
John M. Reichling, Norfolk Southern Corporation
Kristine Endy, Consolidated Rail Corporation
Channing Martin, Williams, Mullen, Christian & Dobbins
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Geology and Ground -Water
Resources of
Washington, D.C., and
Vicinity
By PAUL M. JOHNSTON

With a stction on CHEMICAL QUALITY OF THE WATER
*y D. E. WEAVER W LEONARD SIU

GEOLOGICAL SURVEY WATER-SUPPLY PAPER 1776
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CONSTRUCTION ACTIVITIES
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Christopher consultants, ltd. |RraPCORPORATION
engineering • surveying • land planning

9900 main street
suite 400

fairfax,va 22031 -3907
(703)273-6820 fax 273-7636

AUS 71995

August 4, 1995

Mr. Scott Slagley -
RF&P & Corporation
600 East Main Street "
Suite2300 : - - /
Richmond, Virginia 23219

-.1 ' " , . ' . . ' . '
RE: Potomac Yards Overall, • • * \' ' • • " ' , * ' - ' ' •' •
Dear Mr. Slagley:

1 ( • ' ' * • ": ' ' ' ' '

This letter is to inform you that generally, in predominantly urban multi-family residential
construction sites, land disturbing efforts such as clearing, utility and road construction
activities take approximately 25% of the total buildout construction time. This can
change depending on such variables as weather, complexity of the project and availability
of materials and labor force. <

Ground disturbing activities are generally intermittent with rough grading and utility
installation at the beginning of the project Temporary stabilization is performed after the
initial land disturbing activities. Typically, the land disturbing activity will cease while.
the buildings are being constructed and fine grading with seeding and/or sodding is
performed near the end of the project.

' • ~ ' • • " \ • " . ' - . '
I hope the information given above is beneficial. If you have any questions or concerns,
please do not hesitate to contact me.

WesleyWTyree
Senior Project Manager

WWT/cc
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